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SYN3D: A SINGLE-CHANNEL, SPATIAL FLUX SYNTHESIS CODE FOR 
DIFFUSION THEORY CALCULATIONS 

by 

C. H. Adams 

ABSTRACT 

This report is a user's manual for SYN3D, a computer code 
which uses single-channel, spatial flux synthesis to calculate 
approximate solutions to two- and three-dimensional, finite-
difference, multigroup neutron diffusion theory equations. SYN3D 
is designed to run in conjunction with any one of several one-
and two-dimensional, finite-difference codes (required to generate 
the synthesis expansion functions) currently being used in the 
fast reactor community. The report describes the theory and equa­
tions, the use of the code, and the implementation on the 
IBM 370/195 and CDC 7600 of the version of SYN3D available through 
the Argonne Code Center. 

I. INTRODUCTION 

This report is a user's manual for SYN3D, a computer code which uses 
single-channel, spatial flinc synthesis to calculate approximate solutions 
to two- and three-dimensional, finite-difference, multigroup neutron 
diffusion theory equations. 

SYN3D is designed to run in conjunction with any one of several one-
and two-dimensional finite-difference codes (required to generate the 
synthesis expansion functions) currently being used in the fast reactor 
community. Most of the data for a calculation must be supplied in the 
formats of the Standard Interface Files defined by the Committee on 
Computer Code Coordination (CCCC). Appendix A of this report is the 
computer code abstract for SYN3D. 

SYN3D is operational at Argonne National Laboratory within the ARC 
System of reactor analysis codes and has been sent, in stand-alone form, 
to the Argonne Code Center for distribution to other laboratories. 
Sections II, III and IV of this report cover material of interest to 
users of both the ARC System and Code Center versions of the code; 
Section V deals with the Code Center version only. Users who have just 
received SYN3D from the Code Center and who are faced with the task of 
bringing the code up on their machine should read Section V first; it 
describes the contents of the Code Center tapes and outlines the steps 
necessary to implement SYN3D in stand-alone form on the IBM 370/195 and 
CDC 7600. 



II. SYNTHESIS THEORY AND EQUATIONS 

In this section we develop the synthesis approximation used in 
SYN3D from the mesh-box-centered, diffusion theory, finite-difference 
equations and describe the solution of the resulting synthesis equations. 

A. Diffusion Theory Difference Equations 

There are two finite-difference forms of the neutron diffusion 
equations currently used in reactor analysis. In the derivation of the 
first, the fluxes in the differential equations are expanded in Taylor 
series about the mesh points (i.e. the intersections of the mesh lines in 
two dimensions and mesh planes in three). The PDQ code contains this 
formulation.^«2 The other difference equations are derived by expanding 
the fluxes about a point at the center of a mesh block. The codes 2DB, 
3DB, DIF2D, CITATION and VENTURE use this approach.^"^ SYN3D is 
designed to calculate an approximate solution for the second type of 
difference equation, which is the form most frequently used in fast 
reactor analysis. 

In x-y-z geometry the three-dimensional, finite-difference equations 
associated with the mesh block defined by x mesh interval i, y mesh 
interval j, and z mesh interval k in energy group g can be written: 

- d^^ 

- d>'S 
ij+lk 

- d^S 
ijk+1 

_*injk • 

*ij>lk • 

'̂ 'ijkn • 

• *ijk. 

• *ijk. 

• *ijk. 

Ay.Az, + d.% 
'} k ijk 

Ax.Az, + d^?, 
1 k ijk 

Ax. Ay. + ^^, 
1 'j ijk 

[<̂ ijk - *i-ljk] 

^ i jk ^ i j k - 1 

Ay.Az, 

Ax. Ay. 

I. ^ijk ^ijk *ijk "ijk " i jk v^.u sf,, = 0, 

i = 1 . . . I , j = 1 . . . J , k = l . . . K , g = l . . . G . 

I i s the number of x mesh i n t e r v a l s , J i s the number of y mesh i n t e r v a l s , 
and K i s the number of a x i a l mesh i n t e r v a l s . G i s the number of energy 
groups. No equat ions a re w r i t t e n for those mesh blocks which con ta in a 
blackness theory m a t e r i a l . 

'I'lik ^^ ^^^ d i s c r e t e group f lux a s soc i a t ed with mesh block ( i , i , k ) . 
(f^.j^ i s I d e n t i c a l l y zero i f mesh block ( i , j , k ) i s in a b lackness theory 
r eg ion . I f i = 0 o r I + l , j = 0 o r J + l , o r k = O o r K + l t h e ij.fjk's 
are e x t e r i o r f luxes and t h e i r d e f i n i t i o n depends on the boundary condi t ions 
at the corresponding boundary of the model, 
d i t i o n s of the form 

For homogeneous boundary con-



cf D^ ' Vĉ g + cf*S . 0 (2) 

where fi is the outward normal unit vector, the exterior fluxes for the 
boundary are identically zero; the boundary condition is specified by the 
definition of the d's (see below). Equation (2) includes the cases of 
zero flux [cf = 0 ] , zero current [C^ = 0] and logarithmic (or extrapolated) 
conditions. The exterior fluxes at a boundary with periodic conditions are 
identically equal to the first interior fluxes on one of the other boundary 
surfaces of the model. 

The three types of d's [d̂ ?]̂ ,̂ d̂ ?jj,, d̂ ĵ̂ .] are defined similarly, and 
so it is necessary to discuss only one of them [d^^j^]. If the mesh blocks 
(i»jjk) and (i-l,j,k) are within the boundaries of the model, and neither 
contains a blackness theory material, 

2D^ £)S 
d^\ = \-^^^ ^^^ , (3) 
^̂  Ax. U^ , ., + Ax. , D?., 

1 i-ljk 1-1 ijk 

i = 1...I, j = 1...J, k = 1...K, g=l...G. 

g 
D^j]^ is the group g diffusion coefficient for mesh hlock (i,j,k) and Ax^, 
Ay-ĵ , and Az]j_ define its size. If one of the mesh blocks is outside the 
boundary of the model (the cases i = 1 and i = I + 1), but that boundary 
surface has a periodic boundary condition, then Eq. (3) still holds if 
it is understood that the exterior mesh block is identical to a corres­
ponding interior mesh block on some other boundary. 

SYN3D permits anisotropic diffusion coefficients. The value of 
S XR 

D^.]^ appearing in the expression for dĵ f̂  may be different from the value 
°^ ° i jk appearing in dj^jj.. 

For the homogeneous boundary condition given by Eq. (2) at i = 1 
as well as when there is an in terna l interface between a blackness theory 
material in mesh block ( i - l , j , k ) and an ordinary material in ( i , j , k ) , 

d^8 = i i k _ i . (4) 
^^^ D?., cf + h AX.CS 

i j k 1 • ' 1 2 

In the case of a blackness theory boundary, n in Eq. (2) i s the unit normal 
into the blackness region at the in terface . When Eq. (2) i s the boundary 
condition at i = I , and for an in ternal interface between a blackness theory 
material in mesh block ( i , j , k ) and an ordinary material in ( i - l , j , k ) , 

D^ cS 
^xg izlj^_l . (5) 

^^^ D? T,, cf + h Ax. , cf i - l j k 1 1-1 2 



If both (i - l,j,k) and (l,j,k) contain blackness theory material d^Jj^ is 
not defined, because the only two equations in which it could appear are 
never written. 

The remaining notation in Eq. (1) is simpler to define, v^j^ is 
the volume of mesh block (i,j,k). r??^ is basically the combination of 
macroscopic cross sections representing absorption, scattering, and 
fission, sf.j^ is an inhomogeneous source. With the proper definitions 
of rf?k and §8.. , Eq. (1) becomes the statement of an eigenvalue problem, 
an outer iteration of an eigenvalue problem, a distributed source problem, 
or even one time step of an implicit space-time calculation. To cast Eq. (1; 
in the form of the eigenvalue problem, for example, 

where j;| is the total macroscopic cross section for removal from group g, 
EI^^' is the cross sectign for scattering into group g from g', x is the 
fission spectrum and vE®£ is the cross section for neutron production by 
fission. X is the eigenvalue, and <Sgg' is the Kronecker delta. 

In r-z and triangular geometries the finite-difference equations are 
similar to Eq. (1) if one alters some definitions. In r-z geometry the "x" 
dimension is the radial dimension, and the leakage finite-difference 
coefficient away from external boundaries and blackness regions becomes 

2D^ 1)8 

d^s = ^ - ^ J ^ ^^^ (2nx.) (7) 
^^ Ax- D? , ., + Ax. T D?., ^ 

1 i-ljk 1-1 ijk 

where x. is the radial position of the interface between mesh interval i-l 
and i. "The leakage coefficients at boundaries (Eqs. (4) and (5)) are also 
multiplied by 211 XJ . Now v- is the volume of an annulus . 

For geometries which have triangular mesh in the plane, each mesh cell 
couples to 3 other cells in the plane rather than to 4. The coupling 
between internal mesh triangles (i-l,j,k) and (i,j,k) is 

and no Ay^ appears multiplying the term (as in Eq. (1)). When one side of 
a triangle is an exterior (or blackness region) boundary the coefficient 
is given by 



D?. C^ 
d^?, = iJii_i (2/3 Ax) . (9) 
^J^ 2/3 Df .ĵ  cf ^ Ax cf 

Ax is not subscripted since in regular triangular mesh there is only one 
characteristic length, the side of a triangle. When the triangular mesh 
is bisected by a boundary, and the flux, therefore, is defined for a point 
on the boundary, 

cf 
^iik = — i ^2/3 Ax) . (10) 
-' 4 cf D. ., 

1 ijk 

B. The Single-Channel Synthesis Approximation 

The equations and capabilities of SYN3D are based on Kaplan's blending 
method.' Kaplan suggested that the three-dimensional neutron flux can often 
be approximated by the trial function 

N 
'̂ijk = ^, 4 "nij • (11) 

•' n=l -' 

The planar expansion functions, Ĥ ĵ j , are known functions, precalculated 
by the user. They should be the best practical estimates of the planar 
flux distributions encountered at various axial positions. The combining 
coefficients, a^^' ^^^ '-̂ ^ unknowns of the synthesis calculation. 
Equation (11) states the basic, single-channel synthesis approximation; a 
more elaborate approximation, multichannel synthesis, is discussed briefly 
in a later section of this report. 

The literature already contains a number of derivations of synthesis 
difference equations. ̂ "̂ "̂  The derivations shown later in this report 
borrow features of a number of them and are built aroimd the premise that 
synthesis should be viewed as an approximate method of solving the finite-
difference equations; nowhere in this report do we use the differential form 
of the diffusion equation. This is a realistic approach, since we know that 
expansion functions must come from finite-difference calculations, and it 
avoids the problem of trial function discontinuities which arises when one 
starts from the differential form.^» ̂ '̂̂ "̂•'•̂  

The discrete combining coefficients in Eq. (11) represent a potentially 
large number (N x K x G) of unknowns, and SYN3D offers two ways to reduce 
that number. First, if one of the expansion functions, H^, is characteristic 
of a limited axial zone of the model, and there is no reason to think its 



presence may help the solution away from that zone, one can simply set the 
corresponding combining coefficients, a^j^, equal to zero for ranges of values 
of k. This is the discrete analog to the treatment of the continuous 
equations suggested in Ref. 18 and has the effect of excluding particular 
expansion functions from the trial function in particular axial zones. 
Carried to the extreme that only one combining coefficient in each group 
remains unknown for each mesh interval, Eq, (11) reduces to the one-
function-per-zone synthesis form proposed by Meyer.^^ In a variation of 
this procedure, setting to zero all those combining coefficients associated 
with a particular n and g offers a mechanism for specifying different 
numbers of expansion functions for each energy group. 

The second way to reduce the number of unknowns is by group collapsing. 
Group-collapsed synthesis is not to be confused with group collapsed cross 
section; it simply means that the user specifies some prescription for 
expressing the G combining coefficients for the G group fluxes of one 
expansion function in terms of a smaller nunfcer, G', of unknowns. In this 
work we will allow linear transformations of the form 

.8 = I „8)3 .b 
b=l 

=Sc= I " ^ 4 • fl̂ ' 

Note that we have limited ourselves to one collapsing scheme for all 
expansion functions and regions of the model. To see how group collapsing 
might be applied, consider the example of a four-group model collapsed to 
two groups. If the matrix u was given by 

u = V 0 1 , (13) 

then the synthesis trial functions [Eq. (11)] for each group flux become 

•Ijk = X "ik "iij • •?jk = j j îk "iij 

•ijk • j / i k "ii; • •Jjk = 1 îk "iij c") 

A single set of combining coefficients, a^, is used for both the group 1 
and group 2 trial functions. Another set, a^, is used with groups 3 and 
4. In this example the number of lonknowns has been reduced by a factor 
of 2. 

One constraint should be applied to the definition of the matrix 
elements, u8b, to assure that the individual expansion function spectra 



are recoverable from the group-collapsed synthesis t r i a l function 
[Eq. (11)] , and that is 

G^ h 
I u^ = the same value for all g. (15) 

b=l 

This constraint is desirable since the user has supplied expansion functions 
which should have spectra characteristic of the various regions of the model. 

With the group-collapsing option added, the synthesis trial function 
becomes 

(j,f., = I u^^ I a \ Hg, . . (16) 

Note that Eq. (16) reduces to the statement of group-dependent synthesis 
(Eq. (11)) when u^ is the unit matrix. 

So far we have discussed only the trial function for the direct flux. 
For a variational derivation of the synthesis equations and for perturbation 
theory, an adjoint flux is required. 

<?. • . I "'* I C <fl (17) ijk hk n-1 •* "'j 

u is the adjoint group-collapsing scheme, which does not have to be the 
same as the direct group-collapsing matrix, u. a* is the adjoint combining 
coefficient. Ĥ j is a user-supplied expansion function for the adjoint trial 
function and is usually called a weighting function. In order to keep the 
synthesis equations in a form convenient to solve, there must be the same 
number of nonzero adjoint combining coefficients, a ̂ , as there are direct, 
a , , at each axial mesh interval, k. 

C. Derivation of the Synthesis Equations 

There are two methods coimnonly used to derive synthesis equations. We 
first outline the most straightforward of them, the weighted residuals (or 
weight-and-integrate) approach, and next show a derivation from a variational 
principle. 

Weighted Residuals 

For the weighted residuals method, start by substiuting the synthesis 
trial function (Eq. (16)) into the finite-difference equation (Eq. (1)). 
Then multiply each equation for a particular axial mesh interval (i.e. 
each coi±)ination of i,j,g for one k) by the factor 



u 
*8b' |,*g 

'n'ij ' 
(18) 

and sum the weighted equations over the indices 1, j and g. Repeat this 
procedure for a total number of multipliers (Eq. (18)) equal to the nunfcer 
of combining coefficients for a single value of k, making sure that each 
time the combination of collapsed group (b') and expansion function (n') 
for the multiplier is unique. We shall account later for the fact that 
some of the combining coefficients may be zero (i.e. that certain expansion 
functions have been dropped where it is felt that they are not needed)• 
For now we will treat the calculation as if all expansion functions are used 
everywhere. 

When the dust settles, the synthesis equations are: 

G N 

b=l n=l 

G N 

nk J:-. ,^, .̂ T .̂ , n 11 Ilk Ilk nij 

I I <v^^ 
b=l n=l nk 

i^2 j=l \ " Ĵ ^^-IJ "n^-lj) 

nOj 
) 

<fk % H8, . I nij 

.̂ , n I+lj I+ljk 'j I nl+ij nljJ 

+ I ll*«., dYf, AX. fli«., - W^.,] 
• t, n iJ ilk i \ m l niO / 

+ I i (li*«. . - U\. J dX^ AX. (H^.. - 11̂ .. ] 
i = l j=2 \ ^ ^i n i J - l / i jk 1 \̂  n i j n i j - 1 / 

I 

I "i^un 'lU '-i ( 
i = l 

niJ+1 
" - ) ) 

b=] 

G' N 

- I 1 
b=l n=l 

G 

b b 
^nk • ^nk-

y u"S° { I i H*e. . V.., s? . , 
T̂ l - l - 1 n i j i j k i j k 

g=l ( i = l j = l "̂  I 

'gb' = 0 (19) 



for each combination of k, b' and n^ for which a weighting was performed. 

To reduce Eq. (19) to a form which is a convenient basis for a practical 
computer code we will restrict the axial boundary conditions to the form given 
in Eq. (2) (zero flux, zero current or extrapolated boundary conditions) and 
introduce new notation. Periodic conditions will not be allowed at the top 
and bottom of the model, which means that 

a^ = a'' ,, = 0 (20) 
nO nK+1 

for all n and b in Eq. (19). 

We introduce a new subscript, m, which identifies a unique combination 
of collapsed group (b) and expansion function (n). 

a V = a \ . (̂ 1) 
mk nk 

The maximum value of m, which is the maximum number of combining coeffi­
cients associated with a single mesh interval, is M. 

M = cr X N. (221 

There i s a comparable index, m', a s soc i a t ed with the weight ing func t ions . 
By rede f in ing some of the mul t ip l e sutranations in Eq. (19) we can w r i t e the 
syn thes i s equa t ions . 

M , M 
0 = - y T ^ D . 1 a , , - y ^ — D ^ , Az, m mk mk-1 ^-, Az, . , n 3. 

- , Ui,, m iiiiv i.uv ^ , "•^i_,i m^mk+1 mk+1 
m=l k ni=l k+1 

M T , 
+ y IT- D - 1 + ^ — D - 1 ̂ 1 + AZi R . , I a , - AZ, S^., , (23) 

^, I AZ, m mk Az, _^-, m mk+1 k m mk mk k m k ' 
m=l I k k+1 

m' = 1 ... M, K = 1 ... K , 

subject to the condition given by Eq. (20). The definitions of the matrices 
D„̂ „i, and R_^ , and the vector S ,, are: m mk. m mk m k 

R , = I u*gb' I u^'^ I i H*!.. AX. Ay. rg?;Hg.'. 
m'mk ^^ " g^i î l >1 n 13 i ^j ijk nij 

gl "*̂ ' "̂  P i "̂ '̂  'i?^ '̂ i ("'î  • "̂  + 



10 

l|8. . - i|8. 
n i j n i - l j j 

i^ <^i+i3 4 f i j k 'yj ("^i+ij - Hjij^ 

y H*̂  d^S AX Ai^ - H2 \ ^^ n ' i l Ilk 1 ("ni l nio) 

-"%.:) 4?k"i("Si3 

• i/C?ij.i 45*ik " i ("L.l-"n^J)? ' » ' 

'gl>' „gb V V 1,'g jzg 
D„-,* = J j " ̂  -^ .1 J^ "„?ij d^k "i '^j "k "iij (25, 

g=l 1=1 3 = 1 -̂  •' •' m 

In order to define D̂ ĵjjik by a single expression it is necessary to define 
Azĵ .̂ .̂  in Djn'mK+l" ^^^ definition is arbitraty, since it is cancelled by 
the inverse mesh spacing when D ^ „,, is used in Eq. (23). 

m mK+1 
We pointed out earlier that expansion functions can be eliminated from 

the trial function over ranges of axial mesh intervals by setting their 
combining coefficients identically equal to zero. We can modify Eq. (23) 
to imply this if we define the symbol 

m at 
k 

to mean the sum over only those values of m at axial mesh interval k which 
correspond to nonzero combining coefficients, â ĵ ĵ. When the number of 
unknowns is reduced in this way it becomes necessary to reduce the nunfcer 
of equations. In order that the reduced set of synthesis equations remains 
in a block-tridiagonal form which is convenient for numerical inversions, 
we will require that when a combining coefficients is eliminated the corres­
ponding equation that must be dropped be one associated with the same mesh 
point. Therefore, the "m' = 1 ... M" in Eq. (23) is replaced by "m' at k", 
implying that Eq. (23) is written only for certain values of m' at each 
mesh interval; 



11 

The final form of the synthesis equations can now be written. 

0 = - I D . Az, m'mk mk-1 
m at k 
k-1 

m at ^\+l 
k+1 

^m'mk+1 V + 1 

m at 
k 

^ D . , + ..-'• D_ + Az, R . 
Az, m''mk Az, _^-, m^mk+1 k m'mk 
k k+1 mk 

Az, S ̂ , , 
k m k' 

m' at k, k = 1 ... K 

A Variational Derivation 

(28) 

Consider the following functional: 

Jl j i ki "'j "i' flik "if"̂  fijx " *°V) - *ifk <?njk (•f.ijk - •fjk) 

jk = *i?ljk ^ifk *i3k " *i - l jk j 

G I K I ^ I 

=1 i=l kL'^'i ""k |*ilk4lk(^ i lk • '''iOk, *-fv d?^iiv f* 
( 

g 
iJk iJ+lk r i J + l k ^iJk n 8 

*S . ^*g 

j=2 

G I J 

I *H?v - * d?fv U ? . . - *f.. i jk ^ i j - lkJ " i jk I'^ijk "^ij-lk 

* hx k h'" "'j h'̂ i '̂ 1̂ (*'̂ i" *'i°) " 

* J^ fijk - •ifk-i) "ifk (•fjk - •fjk-i)) 

(• i j l •ijK 4 jK+l (•ijK*l • •ijKI 

G I J K •* rt- -^ 

g^l g - 1 i=l j= l k=l ^ J ^ ^J^ ^J^ ^ J ^ 

" Jl k k Jl '̂ '̂ f̂*̂' '̂ ^̂ ' '̂^̂  *̂̂^̂  (29) 

"''ifk -̂^ '-'̂^ discrete adjoint group flux and s*Sĵ  an adjoint source for mesh 
block (i,j,k). The other quantities were defined when they appeared earlier 
in Eq. (1). It is straightforward to show that requiring the functional to 
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be stationary with respect to arbitrary variations of the discrete adjoint 
fluxes leads to the set of difference equations given in Eq. (1) for any of 
the allowed types of boundary conditions. 

For boundary conditions in the form of Eq. (2) recall that the exterior 
fluxes (<t>Oik' 'J'l+ljk' '*'iOk» etc.) are identically zero. When those terms 
are dropped from Eq, (29) the symmetry of the remaining expression should 
make it clear that requiring variations with respect to the direct flux 
be zero leads to the usual adjoint difference equations. To show that the 
same is true when there are periodic boundary conditions one must replace 
the exterior discrete fluxes in Eq. (29) by the appropriate internal fluxes 
before calculating-the variations. For example, if an x-y-z geometry model 
has quarter-core symmetry the boundary conditions are periodic at the sur­
faces i = 1 and j = 1. The external fluxes are redefined by 

*Ojk ^ *jlk ' ^iOk ^ *lik ' 

*Ojk " *jlk ' *iOk " *lik ' 

There are also identities relating the coefficients in the leakage terms at 
the periodic boundary. 

Ax^ = Ay^ i = 1 ... I, AXQ = Ayi = AX2 = Ayo 

^xg ^ ^^Oik "ijk ^ ^^m ^Ijk ^ ̂ yg 

Ijk .V n8 + AY n8 AY nS + AV n8 Jl^ 
^^1 Dojk ' ^ ^ Djk ^^1 ^jlk ' ^^1 °fjk 

With the i d e n t i t i e s shown i n Eqs. (30) and (31) , one can show tha t ad jo in t 
equat ions wi th p e r i o d i c boundary condi t ions can be der ived from the 
func t iona l given by Eq. (29) . 

To der ive the syn thes i s equa t ions , f i r s t s u b s t i t u t e the t r i a l funct ions 
for the d i r e c t f lux [Eq. (16)] and adjo in t f lux [Eq. (17)] i n to the 
func t iona l [Eq. ( 2 9 ) ] . One can reduce the r e s u l t to 

l^^l M M j _ / * * \ / \ 

k=l m-1 m l̂ ' \ ^^'^ ' ^^'^-') ""^'^ V^ ' ^^-y 
K M M ^ 

1 1 'Z.^ -I k m'k m'mk mk k = l m =1 m=l 

K M ^ K M * 

- I I AZ â  S - y l/^\^ruk ' V (-'^) 
k = l m =1 k= l I I F I 
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by using the definitions given in Eqs. (24) - (26) and 

4 - {"* .1, i "̂ ij "i '̂ j =:fk • 
g=l 1=1 J=l •' •* -' 

(33) 

Setting the variations of this functional with respect to nonzero, 
adjoint combining coefficients equal to zero leads directly to the direct 
synthesis equations derived in the last section [Eq. (28)]. Following 
the same procedure with the direct combining coefficients leads to a set 
of adjoint synthesis equations. 

0 = I 
m at k 
k-1 

°m'mk ^m'k-1 I 
m'at ^\+l 
k+1 

°m'mk+l ^m'k+1 

m'at 
k 

D Az, m'mk Az, ̂i 
k k+1 

m'mk+l k m'mk m k 

m at k, k = 1 ... K 

^ \ m̂k' 

(34) 

It should be emphasized that the adjoint variables in a synthesis 
calculation are combining coefficients, a^, and not fluxes. Whether or 
not the adjoint trial function [Eq. (17)] is a good approximation to the 
adjoint flux depends on the user's choice of weighting function. It is 
very common in practical calculations to use the expansion functions for 
weighting functions also, and this might be a poor choice in situations 
where the adjoint is required. In particular, when sodium void reactivity 
distributions are to be calculated by perturbation theory it may be 
necessary to generate weighting functions from two-dimensional adjoint 
calculations. 

When the groups are not collasped in a synthesis calculation the 
adjoint combining coefficients will, as best they can, reproduce the 
adjoint spectrum. If the groups are partially collapsed and direct flux 
weighting is used, however, it will be virtually impossible for the adjoint 
trial function to yield reasonable spectra. It has been found that results 
can be improved if the direct flux expansion coefficients are scaled before 
being used as weighting functions .̂ '̂  »̂ ^ 

H ?. = W^ H^. . 
ni3 ni3 

(35) 

D. The Solution of the Synthesis Eigenvalue Equations 

Equation (28) can be written in the form of an eigenvalue problem if 
we drop the inhomogeneous source and break up Rm̂ jni, into its fission and 
non-fission components. 
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\'mk 
= F - XF m'mk m'mk 

m' at k, k = 1 ... K 

(36) 

E , includes the planar leakage, scattering and absorption components of 
Equation (24). F , , is the fission part of Eq. (24). \ is the eigenvalue 
(1/k) . "̂  "̂ ^ 

Fission Source Iteration with Wielandt Acceleration 

SYN3D solves Eq. (28), modified by the Eq. (36), by the fission source 
iteration method with the convergence accelerated by Wielandt (or fractional) 
Iteration.^^ The statement of one iteration of the solution can be written 
as a matrix equation. 

-\ Vl - W+l" \ \ = ̂ ' k= 1 ... K. 

where a, is the unknown vector of combining coefficients (a , , m at k) 
associated with mesh interval k and Aj^, A, , Aj^ and Sĵ  are defined by 

(37) 

(\) m'm Az, m'mk k 
D„,„i, . (38) 

Kjm'm = A ^ VnJc+1 ' ™ 

(̂ k̂ m' = l ' \ ^ ' ' ^e) ̂ m'nik ̂ >k ' ^''^ 
m at 

( ^ ) k^m'm " Az^ ̂ m'mk * A i j ^ \'mk+l * ^ \ [̂ ra'mk ' ̂ e ̂ m'mkj " ^^^^ 

a*, is the combining coefficient from the previous iteration. Ag is an 
estimate of the eigenvalue. When Xg is a few percent less than the 
fundamental eigenvalue (the estimated k is greater than the fundamental 
k) most problems converge in a very few iterations. An estimate of k is 
one of the input parameters to the code; when none is provided SYN3D falls 
back on a straight fission source iteration (A = 0). 

SYN3D requires that for each axial mesh interval the number of group-
weighting functions used (i.e. the number of equations) be the same as the 
number of combining coefficients. This means that the matrix A is square. 
However, since the number of combining coefficients may change from one 
mesh interval to the next the matrices A^ and A^ may be non-square. Note 
that, because of Eq. (20), the first term of Eq. (37) vanishes for k = 1, 
and the second term vanishes for k = K. 

The convergence criterion used in SYN3D is that the eigenvalue, A, not 
change by more than an input criterion on two successive iterations. 
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Solution by Forward Elimination, Backward Substitution 

The solution of the block-tridiagonal source problem (Eq. (37)) is 
performed by the forward elimination, backward substitution technique (a 
specialization of Gauss reduction).^^ The first step is to sweep through 
the axial mesh generating the following set of matrices, Hĵ , and vectors, Q, . 

Hi= K ] - ^ A ; 

\ = K' \ "k-il '̂  K 
at k = 2 ... K - 1, ^ L k k k IJ K 4̂3̂  

Qk = K - \ Hĵ . J -̂  [A, Q,., + S,J 

atk = K, 0,= [A° - A- H,.̂ J -1 [\Qk-l^\] (̂4) 

(45) 

(46) 

The second s t e p , the backward s u b s t i t u t i o n , i s 

at k = K, \ " ^k 

a t k = K - 1 . . . 1, \ = \'W.l • 

Scaling and Differencing 

The realities of computer arithmetic can lead to two problems with the 
synthesis equations. The first occurs when numbers generated during the 
calculation exceed the maximum or minimum magnitudes allowed by the computer. 
This can happen during the inversion of Eq. (37) when the normalizations of 
the expansion functions are unusually large (or small) and/or when the 
spectra of the expansion functions span too many orders of magnitude. Matrix 
inversion routines which calculate the determinant are especially vulnerable. 
This is simply a problem with normalization; when it occurs there is probably 
nothing fundamentally wrong with the synthesis calculation. 

The second problem, linear dependence, was very early recognized as 
a potential nuisance,' but to our knowledge it has never caused much 
difficulty. If a set of expansion functions in one group is "almost" 
linearly dependent the inversion of Eq. (37) will fail. The best defense 
against this, of course, is to know enough about the expansion functions 
to avoid this situation by dropping superfluous group fluxes from one or 
more expansion functions (an option available in SYN3D). 
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As insurance against either of these two problems arising, a trans­
formation is performed on Eq. (37) during its solution. The transformation 
has the effect of a change of variables from the original synthesis 
approximation 

N 
4,8., = y a^ H8. . , (47) 
^iik ^^ nk ni3 ' 

•' n=l •' 

where H is the input expansion function, to 
n 

N 
(b?., = y b^, Ĝ . . , (48) 
^iik ^-1 nk ni3 ' *- -* 

•' n=l •' 

g 
where the transformed expansion func t ions , G , a re defined 

Gfi- =Hf.. / s f , (49) 

% - (»n i j /^n) - ^ " l i j / ^ f ) . n = 2 . . . N . (50) 

g 
s is a scaling factor used to change the normalization. At each axial 
mesh interval and in each group this transformation has the effect of: 
(1) renormalizing whichever expansion function has been designated n = 1 
(Eq. (49)), and (2) renormalizing and differencing the other functions 
with respect to the first (Eq. (50)). This differencing scheme is a sort 
of poor man's orthogonalization. 

The relationships between the original and transformed combining 
coefficients are 

b f = s f a f + y bg (51) 
n=2 

bj = sS aS , n = 2 ... N , (52) 

af = (bf - y bg) / sf , (53) 
n=2 

a^ = bS / s8 , n = 2 ... N . (54) 

The transformation of the matrices in Eq, (37) is governed by 
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g=l n=l g=l n=l 

where A represents any of the matrices (A~, A"*" or A ) operating on the 
combining coefficients and B represents a transformed matrix. The 
relationships between A and B are 

B^^ = < 8 / s8) - CAS;̂  / sf) . „ . 2 . „ N , (57) 

€' - -K^ * <1^ ' 'l^^ . n=2„ ,N , (59) 

g 
The s c a l i n g f a c t o r s , s , used were taken from the s e t of a x i a l 
leakage i n t e g r a l s , Eq. '^(25). 

s^ = D , , (60) 
n m'mk *• ^ 

where m' is the composite index for the appropriate group and "first" 
weighting function, H-|̂ ,̂ and m is the composite index for the same group 
and n'th function. This choice was made because (1) the integrals Dĵîjĵ. 
were available and (2) the elements of the transformed matrices in the 
synthesis equations were on the order of unity. 

E. Other Calculations 

Multichannel Synthesis 

Multichannel synthesis is an extension of the single-channel approxima­
tion in which different combining coefficients are assigned to an expansion 
function in separate regions of the x-y plane.-̂ ^ The multichannel trial 
function can be written, 

N *̂n 

^iik ,̂ T̂ nek ncii nil ^ ^ 
•' n=l c=l -' •' 

Equation (61) differs from Eq. (11) by the additional summation over the 
index c (for "channel") and the multichannel basis functions f̂ c* Note 
that Eq. (61) permits the number and definitions of the sets of basis 
functions to differ from one expansion function to another. 
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Two c o n s t r a i n t s should be placed on the choice of b a s i s f u n c t i o n s . 
The f i r s t i s t ha t the express ion on the r i g h t in Eq. (61) must be s i n g l e -
valued for each ( i , j ) . The second i s the s p a t i a l analog to the r e s t r i c t i o n 
placed on the group-col laps ing matr ix (Eq. ( 1 5 ) ) . Because i t i s d e s i r a b l e 
t ha t the p lanar f lux shape of each expansion funct ion , H^, be recoverab le 
from the syn thes i s t r i a l funct ion for the three-d imensional f l ux , <i> t 

n̂ 
y f8 .. = the same value for all g, i and j. (62) 
c=i nci3 

Our original intention was to offer multichannel synthesis as an 
option in SYN3D. After some experience with small test problems and large, 
fast-critical models we concluded that the advantage of improved accuracy 
was outweighed by the disadvantage of longer running times and more complex 
trial functions, and SYN3D was not carried beyond the single-channel stage. 
For experimental purposes and for special applications it is possible to 
perform multichannel calculations with SYN3D by factoring in the multichannel 
basis functions outside the code, 

H8. . ^ £8 . . Ĥ . . , c = 1 ... C , (63) 
ni3 nci3 ni3 ' n ' 

R g and treating each product, f H , as a separate expansion function. 
nc n 

Perturbation Theory 

The derivation of a perturbation theory expression for the change in an 
eigenvalue due to a change in the model, carried out within the framework of 
single-channel flux synthesis, leads to the same result one obtains with 
derivations based on the original difference equations. Therefore, any 
perturbation theory code which is based on the finite-difference equations 
in Eq. (1) can be used with fluxes and adjoints calculated with SYN3D. 
It is important to remember, however, that a different interpretation must 
be given the results. A perturbation theory calculation based on synthesis 
fluxes and adjoints answers the question "what happens to the synthesis 
calculation when one perturbs the model?" and not necessarily "what happens 
to the finite-difference calculation?" 

III. USER CONSIDERATIONS 

This s ec t i on i s a d i scuss ion of the mechanics of running SYN3D from 
a u s e r ' s s t andpo in t . I t i s mostly d i r e c t e d towards the ARC System SYN3D 
(as opposed to the s tand-a lone vers ion a v a i l a b l e through the Argonne 
Code Cen te r ) . Users who have the Code Center vers ion should read 
Sect ion V before Sect ion I I I . 

A. CCCC Standards and the ARC System 

A number of fea tures of SYN3D w i l l seem s t range unless one i s aware 
of the ground ru le s under which the code was w r i t t e n . In recent years 
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code development supported by the Division of Reactor Research and 
Development of ERDA has been subject to a set of standards defined by 
the Committee on Computer Code Coordination (CCCC).^'* A major part of 
these standards is a set of definitions of a number of binary files, 
called standard interface files, which contain most of the data required 
for neutronics calculations. The ARC System of reactor analysis codes 
developed at Argonne has its own set of standard binary files.^^ SYN3D 
was written to conform to the CCCC standards but, at the same time, to 
be compatible with ARC System modules required in synthesis calculations at 
Argonne. 

Table III-I lists both the ARC System and CCCC input files used by SYN3D. 
The ARC System SYN3D user should be aware of both sets of interface 
files; users of the Code Center version of SYN3D need only be concerned 
with the CCCC files. 

The ARC System SYN3D is really the Code Center SYN3D prefaced by a 
translator (TRANSL) which reads ARC System files and writes the corresponding 
CCCC standard interface files. Output files generated by both versions of 
SYN3D are all in the CCCC formats. 

B. Basic Input Requirements 

Expansion Functions 

The expansion functions, H^, in Eq. (11), used in each synthesis 
calculation must be calculated in separate jobs; SYN3D does not compute 
expansion functions. Some suggestions of guidelines for choosing 
expansion functions based on Argonne's experience with LMFBR calculations 
are given in Section III-H. 

The ARC System SYN3D user supplies a number of expansion functions in 
either ARC System form (FR.Dl, FR.D2, FA.Dl and/or FA.D2), CCCC form (RTFLUX 
and/or ATFLUX) or a mix of the two. The several functions are differentiated 
by the CCCC device of a file version number. The current ARC System Standard 
Path for SYN3D (STP018) permits up to 10 flux files in the ARC System format 
(FR.Dl, etc.). The ARC System SYN3D and Standard Path does not distinguish 
between flux and adjoint files (e.g. FR.D2 vs. FA.D2). The Code Center 
SYN3D permits 10 flux (RTFLUX) files and five adjoint (ATFLUX) files. 

The user controls the version number of the expansion and weighting 
functions by his assignment of each file to a logical unit number. In the 
SYN3D input (SYNFIL) he/she refers to a particular expansion or weighting 
function by its CCCC designation (e.g. RTFLUX, version number five), even 
though he/she may have supplied the file in an ARC System format (FR.D2, 
version number five). 

Cross Sections 

SYN3D follows the practice of most ARC System neutronics calculations 
of permitting cross section input in either microscopic or macroscopic form. 
Microscopic cross sections in the ARC System Standard Path STP018 are in 
XS.ISO files, and the compositions are defined by the type 13 and 14 cards 
of the BCD file A.NIP.^S 
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TABLE III-l. ARC System and CCCC Input Files for SYN3D. These are 
not all required; same are generated by SYN3D or its 
ARC System Standard Path, and others may never be 
needed at all 

ARC System 
BCD 

A.NIP 

SYNFIL 

ARC System 
Binary 

GEOM 
BC 
B.HCMOG 

XS.ISO 

)(S.C.MIN 
COMPXS* 

SYNCOJ* 

FR.Dl 
FR.D2 

FA.Dl 
FA.D2 

CCCC Binary 

GEODST 

NDXSRF 
ZNATDN 

ISOTKS 

COMPXS* 

SYNCON* 

RTFLUX 

ATFLUX 

Contents 

Model Geometry 

Cosnposition Definitions 

Microscopic Cross Sections 

Macroscopic Cross Sections 

SYN3D Control Data 

Flux Files 

Adjoint Flux Files 

COMPXS and SYNCON are code-dependent, binary files which are not 
officially part of either the ARC or CCCC Systems. 
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STP018 uses the module HOMOG to create the macroscopic cross section 
file XS.C.MIN, and the ARC System-to-CCCC translator in SYN3D, TRANSL, con­
verts XS.C.MIN to COMPXS. Either XS.C.MIN or COMPXS can be input directly, 
in which case the preceding steps in the cross section generation procedure 
will be skipped. COMPXS can accommodate directional diffusion coefficients 
and "power" cross sections; otherwise it is similar to XS.C.MIN. 

The Code Center version of SYN3D can run either from the CCCC 
microscopic cross section and composition files ISOTXS, NDXSRF and ZNATDN 
or from the macroscopic cross section file COMPXS. In the first case the 
SYN3D overlay HMG4C will create a COMPXS file. 

Geometry 

SYN3D b u i l d s up a three-d imensional model of a r e a c t o r by s tack ing 
use r - supp l ied two-dimensional p l a n e s . This approach was chosen for two 
reasons: 

(1) At the time SYN3D was s t a r t e d , Argonne had no u s e r - o r i e n t e d , 
th ree-d imens iona l geometry input p rocesso r . We did have a 
we l l e s t a b l i s h e d , one- and two-dimensional input processor 
in the ARC System module GNIP.^^ 

(2) The user was going to have to s e t up two-dimensional 
geometries for the expansion funct ion c a l c u l a t i o n s anyway, 
and i t would be convenient i f he / she could simply reuse 
t h a t data wi thout changes. 

The ARC System input procedure i s p a r t i c u l a r l y s u i t e d to genera t ing 
a s e r i e s of two-dimensional geometry d e s c r i p t i o n s . STP018 looks for a 
BLOCK=GEOM card . If i t f inds one i t expects t he re to be an A.NIP data 
s e t spec i f i ed for a p l a n e . GNIP processes the A.NIP data to a p a i r of 
GEOM and BC f i l e s (vers ion number 1) and TRANSL converts them to a 
GEODST f i l e (aga in , ve rs ion number 1 ) . STP018 then looks for another 
BLOCK=GEOM and a corresponding A.NIP for the next p lanar geometry d e s c r i p t i o n 
( t h i s time producing a GEODST, ve r s ion number 2 ) . This procedure continues 
u n t i l a l l the BLOCK=GEOM data blocks a re p rocessed . What makes t h i s scheme 
convenient i s t h a t whi le the f i r s t BLOCK=GEOM must contain a complete A.NIP 
(DATASET=A.NIP), subsequent blocks need only conta in the type 15 cards unique 
to t ha t p lane (MODIFY=A.NIP). The manner i n which the two-dimensional planes 
are s tacked to form a th ree-d imens iona l model i s s p e c i f i e d i n the SYN3D BCD 
input f i l e SYNFIL. 

I t i s p o s s i b l e to input a th ree-d imens iona l GEODST ins t ead of s e v e r a l 
two-dimensional f i l e s . If the SYN3D BCD f i l e SYNFIL does not specify an 
a x i a l mesh or a s t ack ing of planes (card types 4 and 5) the code i n t e r p r e t s 
the vers ion 1 GEODST to be a d e s c r i p t i o n of the f u l l model and breaks i t up 
i n t o a number of two-dimensional GEODST's (vers ion numbers 2 , 3 , e t c . ) . 
This w i l l only work when the expansion funct ions a re a l s o input i n CCCC 
formats (RTFLUX and ATFLUX). This r e s t r i c t i o n i s due to the t r a n s l a t o r 
TRANSL, and t h i s mode of input only works when t h e r e i s no geometry or f lux 
f i l e t r a n s l a t i o n r equ i r ed . 
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I n d e s c r i b i n g t h e geometry i n p u t we have been u s i n g t h e example of 
t h r e e - d i m e n s i o n a l m o d e l s . The same i n p u t p r o c e d u r e works f o r two-
d i m e n s i o n a l models b u i l t up from o n e - d i m e n s i o n a l " p l a n e s " . 

Code Dependent I n p u t - SYNFIL 

The s p e c i a l BCD i n p u t r e q u i r e d by SYN3D i s d e f i n e d by t h e BCD f i l e 
SYNFIL. Appendix D i s a f i l e d e s c r i p t i o n f o r SYNFIL. SYNFIL must be 
i n c l u d e d i n t h e ARC System i n p u t i n a d a t a b l o c k BL0CK=SYN3D. 

C. Running the ARC System SYN3D - ARCP018 

The c a t a l o g u e d p r o c e d u r e f o r SYN3D on t h e Argonne 370/195 i s ARCP018. 
The p r o c e d u r e i s l i s t e d i n Appendix C. ARCSP018 e x e c u t e s t h e s y n t h e s i s 
S t a n d a r d P a t h STP018, which i s l i s t e d i n Appendix B and d i s c u s s e d b r i e f l y 
i n S e c t i o n IV. 

I n p u t and Output Data S e t s 

T a b l e I I I - 2 l i s t s a l l t h e i n p u t and o u t p u t d a t a s e t s t h a t a r e of 
i n t e r e s t t o u s e r s . B e s i d e s t h e f i l e s a l r e a d y men t ioned i n S e c t i o n I I I - B 
t h e l i s t i n c l u d e s t h e d i r e c t and a d j o i n t combining c o e f f i c i e n t f i l e s 
DCCOEF and ACCOEF, t h e p o i n t w i s e power d e n s i t y PWDINT, t h e c o m p o s i t i o n -
ave raged f l u x f i l e RZFLUX and t h e s y n t h e s i s i n t e g r a l l i b r a r y f i l e s INTTOC, 
VOLINT and DIFINT, S c r a t c h d a t a s e t s a r e d i s c u s s e d i n S e c t i o n IV. 

F i l e d e s c r i p t i o n s f o r t h e d a t a s e t s l i s t e d i n T a b l e I I I - 2 can b e 
found i n one of t h r e e p l a c e s : 

For t h e f o l l o w i n g ARC System F i l e s s e e ANL-7711 (Ref. 25) 
GEOM, BC, FR.Dl , FR.D2, FA.Dl , FA.D2, XS.C.MIN, A.NIP , 
XS.ISO 

For t h e f o l l o w i n g CCCC S t a n d a r d I n t e r f a c e F i l e s s e e Appendix I . 
GEODST, RTFLUX, ATFLUX, PWDINT, RZFLUX 

For t h e f o l l o w i n g code -dependen t f i l e s s e e Appendices D and E. 
SYNFIL, COMPXS, INTTOC, VOLINT, DIFINT, DCCOEF, ACCOEF 

Job C o n t r o l and Symbolic P a r a m e t e r s 

The SYN3D c a t a l o g u e d p r o c e d u r e ARCSP018 ( s e e Appendix C f o r l i s t i n g ) 
i s de s igned fo r t h e conven ience of u s e r s o p e r a t i n g from ARC System d a t a 
s e t s . Tab le I I I - 2 l i s t s t he s y m b o l i c p a r a m e t e r s a v a i l a b l e and t h e i r 
d e f a u l t v a l u e s , 

Sample I n p u t 

F i g u r e I I I - l i s a l i s t i n g of an i n p u t deck . The problem i t r e p r e s e n t s 
i s Sample Problem 3 of t he Code C e n t e r SYN3D package ( s e e S e c t i o n V - E ) , a 
t h r e e - d i m e n s i o n a l model w i t h c o n t r o l r o d s . T he r e a r e s i x BLOCK=GEOM d a t a 
b l o c k s d e f i n i n g rodded and unrodded c o r e , b l a n k e t and r e f l e c t o r p l a n e s . The 
fou r expans ion f u n c t i o n s a r e i n t he FR.D2 f o r m a t , and t h e c r o s s s e c t i o n s a r e 
g e n e r a t e d from an XS.ISO f i l e . 



23 

TABLE 1 I I -2 . ARC SYN3D Input and Output Data Set Names and Job Control 
Subst i tu t ion Symbolic Parameters 

Job Control Subst i tu t ion 

Logica l UI 
Number 

11 

12 

20 

21 

30 

31 

40 

41 

50 

51 

60 

61 

62 

65 

66 

67 ( f i l e 

67 ( f i l e 

68 

69 

70 

71 

74 

75 

77 

79 ( f i l e 

79 ( f i l e 

91 

92 

93 

l i t 

1) 

2) 

13 

2) 

Data Se t Name, 
V e r s i o n Number 

GEOM, 1 

GEOM, 2 

GEOM, 10 

GEODST, 1 

GEODST, 10 

BC, 1 

BC, 10 

FR.D2, 1** 

ER.D2, 10** 

RTFLUX, 1 

RTFLUX, 10 

SYNFIL, 1 

COMPXS, 1 

INTTOC, 1 

INITOC, 2 

XS.C.MIN, 1*** 

" 
VOLINT, 1 

VOLINT, 2*** 

DUTNr, 1 

DIFINI , 2*** 

DCCOEF, 1 

ACCOEl', 1 

A . M P , 1 

XS.ISO, 1 

" 
ATFLUX, 1 

PWDINT', 1 

ItZFLUX, 1 

DATASET* 

GEQMOl 

GEOM02 

GEOMIO 

GEODOl 

GEODIO 

BCOl 

BCIO 

FLUXOl 

FLUXIO 

RTFLOl 

RTITIO 

SYNFIL 

CONffXS 

INITCI 

LV1TC2 

XS.C.MIN 
M 

VOLI.M 

V0L1.\2 

DIFINl 

DIFIi\7 

DCCOEF 

ACCOEF 

A.NIP 

XS.ISO 

" 
AFFLUX 

RVDINT' 

RZFLUX 

Symbolic P a r a m e t e r 

Data S e t 
Name 

GEOMOl 

GEOM02 

GEOMIO 

BCOl 

BCIO 

FLUXOl 

FLUXIO 

lOTTOCl 

IN1T0C2 

COMPXS1 

C0MPXS2 

VOLINTl 

VOLINT2 

DIlTNI'l 

DIFINT2 

DCCOEF 

ACCOEF 

MICRXSl 

MICRXS2 

D i s p o s i t i o n 

GEDSPOl 

GEDSP02 

GEDSPIO 

BCDSPOl 

BCDSPIO 

FLDSPOl 

FLDSPIO 

TOCDSPl 

T0CDSP2 

CXSDISP 
II 

VNTDSPl 

VNTDSP2 

DNTDSPl 

DNTDSP2 

DCCDSP 

ACCUSP 

Volume 

GEVOLOl 

GEVOL02 

GEVOLIO 

BCVOLOl 

BCVOLIO 

FLVOLOl 

FLVOLIO 

TOCVOLl 

T0CV0L2 

CXSVOlll 
II 

VNTVOLl 

VN1Y0L2 

UNTVOLl 

UNTV0L2 

DCCT/OL 

ACCVOL 

MICRVOL 
II 

Data S e t 
Name 

5GEOM01 

^CEOM02 

5GEOM10 

5BC01 

5BC10 

NULLITLE 

NULLITLE 

NULLFILE 

qiNTT0C2 

5XSCMN1 

5XSCMIN2 

NULLFILE 

i;V0LINT2 

NULLFILE 

5I)IFINT2 

(iDCCOEF 

ijACCOEF 

NULLFILE 

NULLFILE 

Disp 

(NEW, 

(NEIV, 

(NBV, 

(NBV, 

(NEW, 

(OLD, 

(OLD, 

(OLD, 

(NBV, 

(NEIV, 

(OLD, 

(NEW, 

(OLD, 

(N1.̂ V, 

(NEIV, 

(NBV, 

(OLD, 

Default 

losition 

DELETER 

DELETE) 

DELETE) 

DELETE) 

DELETE) 

KEEP) 

KEEP) 

KEEP) 

DELE'I'E) 

DELETE) 
II 

KEEP) 

DELETC) 

KEEP) 

DELETE) 

DELETE) 

DELETE) 

KEEP) 

" 

Volume**** 

"DATASET" is the name of the f i l e as i t should be spel led when specif ied under BLOCK=OLD, 
BLOCK=GEOM or BL0CK=SYN3D. 

FLUXOl througli FLUXIO can also be used for FR.Dl, FA.Dl and FA.D2 f i l e s . FR.D2 is shown above 
only as an example 

it 

ITie following symbolic parameters are associated with certain of the above files. They did not 
fit conveniently into the table and are included here. 

L o g i c a l Un i t 
Number 

67 ( f i l e 1) 
67 ( f i l e 2) 
69 
71 

Data S e t Name, 
V e r s i o n Number 

XS.C.MIN, 1 

VOLINF, 2 
DlFWl ' , 2 

Symbol ic 
P a r a m e t e r 

aSBLKl 
aSBLK2 
LIBBLK2 

HALFBLK 
QRTRBLK 
UNITS 

D e f a u l t 

1028 
6136 
12280 

6136 
3064 
BATCKDSK 

D e s c r i p t i o n 

BLKSIZE 
BLKSIZE 
BLKSIZE 

II 

Hal f Track BLKSIZE 
Q u a r t e r Track BLKSIZE 
U n i t s Pa rame te r 
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FIGtiP1=; T T T - 1 . ARC SYSTEr SYN3D INPUT DECK. THE THREE-DI1ENS lOHAL MODEL 
TS RniLT OP FR0«1 TUO-DIHENSICNAL A.NTP DATA SETS. 

//SYN3D EXFC ARCSP018, 
/ / FL0X0 1 = ' C 1 1 6 . B 2 1 0 0 f . T E S T 3 D . F R D 2 . C 0 P E 0 ' , 
/ / F H a 0 2 = » C 1 1 6 . B 2 1 0 0 6 . T ? S T 3 D . F R D ? . C O F E P « , 
/ / FLUX03=»C116.P2100 6.TEST3D.FPD2.PL*NO» , 
/ / FLUX0«=«C11f .B21006 .TRST3D.FPD2.PLANF' , 
/ / TLVOL01=nTSK98,FLVOL02=DTSK98,FLVOL0 3=DTSK98,FLVOL0«=DISK9P, 
/ / RIC'?X?1='C1 16. B210 0 6.XSTSO1.THPr,pp«, 
/ / •1ICRXS2 = 'C116.B21006.XSTSO.THRGRPF2' 
/ / S Y S I N DD * 
BLOCK=OLD 
DAT.»SET=XS.TSO 
DATASET=FT,nX01 
DATS3ET=FLUX02 
DATASET=FLUXn3 
DRTA.SET=FLr'XOl» 
BL0CK=GE0»1 
DATASTT=A.NIP 
01 
0 2 
0 3 
Oi» 
06 
0 6 
0 6 
06 
06 
0 6 
0 6 
0 6 
0 6 
0 9 
09 
11* 

m 
1U 
11* 
11+ 
11* 
11* 
14 

m 
11* 
11* 
11* 
15 
15 
ELOrf 
1001'=' 

ni 
15 
15 
15 

RFFL 
BLAN 
COPF? 
C0PF1 
T?0D1 
F0D2 
R 0 n 3 
ROPl* 
HODS 

RC 
K?: 

= GEOM 
Y = A.»I^ 

''C 
RE 
AB 

T F S T 3 D , nNRODDED FFFLECTOP PLAN 
0 0 

1*0 

y 
V 

Cl 
Cl 
C2 
C? 
AB 
AB 
PB 
pp 
RF 
PD 
RT1 
^C 
RODI 
" E^L 

V 

3 2 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

n.n 
0 . 0 

6 5 . 0 
U 5 . 0 
f 5 . 0 

1 
1 

P n 2 3 9 
FE 
P U 2 3 9 
FE 
n ?33 
0 16 
M 2 3 8 
0 16 

'̂A 2 3 
VA 23 
B 1 0 I 
NA 2 1 

300 0 - 1 3 0 0 0 

3 2 
1 1 5 . 0 

9 S . 0 
7 S . 0 
5 5 . 0 

5 . 0 
5 . 0 

7 S . 0 
5 5 . 0 
7 5 . 0 

5 . 11 
5 . 11 

D . c o i n 2 3 8 
0 . 0 1 8 1 O 16 
O . O O I S n 2 3 8 
0 . 0 1 8 1 O 16 
0 . 0 0 8 0 N A 2 3 
0 . 0 1 6 0 
O.OIi tSNA 2 3 
0 . 0 2 9 0 
0 . 00i*i*FF 
0 . 0 1 0 U F F 
0 . 0 0 9 0 C 1 2 I 
0 . 0 ? ? 0 

RnD2 R0D3 R0D<4 R o n 5 
BLAN COREI C 0 P F 2 

T E S T 3 D , fJMROr 
RODI 
PTFL 
BLAN 

)DED BLANKET PT.ANE 
P 0 D 2 Fr)D3 ROr»l» RODS 

C0RF1 CCRE2 

r 
- 1 

1 1 5 . 
1 1 5 . 

0 
0 , 
0 , 
0 , 
0 , 

0 , 

0 . 
0 , 
0 , 

0 

•ooeaNA 
.011*9 
. 005UNA 
.013"? 
. 0 0 8 8 F E 

, 0 0 6 6 F F 

, 0 6 9 1 
. 0 1 8 1 0 
.om2 

1 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

6 5 . 0 
b S . O 
ttS-O 

0 . 0 

2 3 

2 3 

1 6 

1 1 5 . P 
9 5 . 0 
7 5 . 0 
5 5 . 0 

5 . 0 
7 5 . 0 
7 5 . 0 
5 5 . 0 

5 . 0 

'^.OIOU 

0 . 0 1 1 0 

o.02au 

0 . 0 1 7 3 

0 . 0 1 U 9 
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FIf l l IRE T T I - 1 . ARC SYSTFM SYN3D I N P U T DECK. C O N T I N U E D . 

BLOCK^GEOI 
i10DIFY = A.Nir> 
0 1 TE.ST3D, UNRODDED O R E PLANE 
15 RC RODI R0D2 F 0 D 3 RODU RODS 
15 ^ E REFL 
15 RB BLAN 
15 C l C 0 R S 1 
15 C2 C 0 R E 2 
DLOCK^.^SOI 
!10'>TFY = A. N I P 
0 1 T E S T 3 D , RODDED CORE PLANE 
15 PD RODI RnD2 R 0 D 3 R0D4 RODS 
I S RE P E F L 
15 ' 'B BLAN 
IS Cl cosni l 
I S C2 C 0 R ^ 2 
BL0CK=GE0!1 
HODT''Y = A. NTD 
0 1 Ti^ISTSD, RODDED BLANKET PL,»NE 
15 RD RODI P 0 D 2 R 0 n 3 RODU RODS 
I S RE RET'L 
15 AB ^LAN C 0 P E 1 C 0 R E 2 
BL0CK=r :E01 
f10DIFY=A. N J ^ 
0 1 T E S T 3 0 , RODDED REFLECTOR PLANE 
I S RD RODI R0D2 RODJ RODU RODS 
15 RE RE^L BLAN C 0 R P 1 C 0 R E 2 
BL0CK=3YN?D 
P A T A S E T = S Y N P I I . 
0 1 3 I R O ' K ' , 3 - D I i 1 E N 3 I 0 N A L 1 0 D E L , FLUX WEIGHTED SYNTHEST.'^ 
0 1 BLANKET FUNCTI0N.S (3 AND 4) NOT USED EVERYWHERE 
01 3D GE01ETRY B' lTLT UP F R O I 2D GEODST F I L E S 
02 10 1 20 1 1 
03 1.00 10 .0 
04 20 200 .0 
0 5 1 0 . 2 0 . 
OS 2 2 0 . 6 0 . 
OS 3 6 0 . 1 0 0 . 
OS 4 1 0 0 . 1 4 0 . 
0 5 5 1 4 0 . 1 9 0 , 
OS •S I S O . 2 0 0 . 
0 7 RTFLUX 1 0 . 0 2 0 0 . 0 
0 7 RTFLUX 2 0 . 0 2 0 0 . 0 
0 7 P T F I . n x 3 0 . 8 0 . 
0 7 HT'^'LUX 4 1 2 0 . 2 0 0 . 

16 1 
17 1 2 3 
19 1 n 2 10 3 10 
21 1 r\ 
/* 
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D. Multiple Problems and Restarts 

For most problems the most expensive part of a SYN3D calculation is 
generating the integrals (Eqs. (24) and (25)) which form the coefficients 
of the synthesis equations. If the same integrals can be used for a 
number of synthesis calculations the user can save a significant amount 
of time. 

Mutliple Problems 

The simplest way to reuse integrals is to run several problems in a 
single job. The ARC System SYN3D does this automatically by looping on 
BL0CK=SYN3D data blocks. A problem defined by a second BL0CK=SYN3D uses 
integrals generated under the first BL0CK=SYN3D, calculating additional 
integrals if required. The output flux file from each loop can be saved 
by specifying different version numbers for the output RTFLUX (see SYNFIL 
card type 16). Only the last set of combining coefficients can be saved, 
however, since SYN3D always writes them to DCCOEF version number 1. 

This multiple pass feature is not available in the Code Center SYN3D. 
Code Center SYN3D users will have to use the more formal restart procedure 
described in the next paragraph. 

Restarts - INTTOC, VOLINT and DIFINT 

The integrals SYN3D calculates are stored in a library consisting of 
three files: INTTOC, VOLINT and DIFINT. SYN3D always writes these files 
with a version number of 2. If these files are input with a version 
number of 1 the code will merge the old integrals with whatever integrals 
it still must calculate before writing the output libraries. The version 
1 files are not changed. 

File descriptions for the library files are in Appendix E. INTTOC 
is a short file containing the table of contents for VOLINT and DIFINT as 
well as the general problem data. DIFINT contains the integrals associated 
with the axial leakage, Dĵiĵj,. (Eq. (25)). VOLINT contains four types 
of integrals which are referred to in the coding and in the SYN3D output 
as REM, FIS, POW and FLUX. REM and FIS are, respectively, the removal 
and fission components of R^<^ (see Eqs. (24) and (36)). POW is the 

I J 

planar power integral, 

POW^, = I u^ I I AX. Ay. pg., HS. . . (04) 
"^ g=l i=l j=l ^ ^ ^^^ ^^^ 

where p^^^ is a "power" cross section supplied in the COMPXS file. 
Eq. (64) is written for an x-y plane; one can obtain the expression for 
other geometries by replacing Ax. Ay. by the appropriate volume element. 
The FLUX integral is, as one might guess, 

FLUX^= I u ^ M i Ax. Ay. H8.. . r . . . 
g=l i = l j=l ^ J "iJ ^̂ -̂' 



27 

The index b refers to a collapsed group. Recall that when group collapsing 
is not used u^ is the Kronecker delta (u^ = 1 when g = b, = 0 otherwise). 

One can restart SYN3D to do another synthesis calculation or simply to 
obtain further edits for a problem run previously. In the latter case 
DCCOEF and/or ACCOEF must be among the input data sets. 

SYN3D cannot be restarted in the middle of the synthesis integral 
calculation or the middle of the solution routine. If the job terminates 
before completing one of those two stages, that particular stage must be 
repeated. 

E. Edits and Output Options 

SYN3D has some standard edits, over which the user has no control, and 
some optional edits. Appendix H contains output from the sample problems 
in the Code Center package (Section V-E). 

Standard Output 

SYN3D always lists the SYNFIL input data and two pages describing the 
model and synthesis trial function (in terms of CCCC files). When 
logarithmic boundary conditions are used the constants C]̂  and C2 listed in 
the edits refer to Eq, (2) in Section II. 

C | D ^ n • V (()§ + C | (()g = 0. (2) 

In addition, SYN3D edits the integral tables of contents, the eigenvalue 
and the combining coefficients (a^) • 

The standard output files are: 

INTTOC, 2 
DIFINT, 2 
VOLINT, 2 
DCCOEF, 1 (for a direct solution) 
ACCOEF, 1 (for an adjoint solution) 

Optional Output 

SYNFIL card type 16 through 21 specify output options. Flux and adjoint 
edits may be specified by group and plane. Pointwise power density edits 
may be requested by plane. SYN3D will also edit the composition-averaged 
group fluxes (the contents of the RZFLUX file) and the perturbation theory 
denominator, 

IXI k J^ '̂' "̂' *^'--
where the symbols were defined for Eqs. (1) and (6). 



28 

The optional output files are: 

RTFLUX, N (N specified by user) 
ATFLUX, N (N specified by user) 
PWDINT, N (N specified by user) 
RZFLUX, N (N specified by user) 
GEODST, N (N specified by user) 

The output, three-dimensional (or two-dimensional) GEODST file may be 
useful when the input geometry has been specified by a set of two-
dimensional (or one-dimensional) GEODST files. 

Combining Coefficient Plots 

SYN3D will edit printer plots of the axial power distribution, 

(power), = I I POW^ a ^ . (67) 
n=l b=l 

and the axial group fluxes (after group collapsing) 

{£lux)b, - I FU«b a ^ . C68) 
n=l 

POW^ and FLUX^ are defined by Eqs. (64) and (65) . The p lo t s show the 
t o t a l s (Eqs. (67) and (68)) as wel l as the modal components ( for each n) . 
The output from Sample Problem 3 in Appendix H shows one of these p l o t s . 

F. Error Messages 

Errors caught by SYN3D during execution are i d e n t i f i e d by subrou t ine 
name and an e r r o r number. Appendix F i s a complete l i s t . Non-fa ta l e r r o r s 
(pos i t i ve e r ro r numbers) are flagged but never cause the t e rmina t ion of a 
run; they are frequently anomalies i n the input which suggest user e r r o r s . 
Fa ta l e r ro r s w i l l not cause the job to terminate immediately; SYN3D w i l l 
continue as far as i t can before forcing an abnormal t e rmina t ion through 
subrout ine ERROR. 

G_. Storage Requirements and Running times 

Data s torage during a SYN3D c a l c u l a t i o n i s managed dynamically througji 
the BPOINTER rout ines (see Section IV-C for a d e s c r i p t i o n of BPOINTER). The 
BPOINTER s torage container s i z e required on input card type 3 of da ta s e t 
SYNFIL should be s e t as la rge as p r a c t i c a l for models of any s i g n i f i c a n t s i z e . 
SYN3D keeps in -core as much data as i t can i n order to minimize I/O time and 
makes use of a l l the container i t i s given. A very rough guess a t the 
minimum s i z e required i s the l a r g e s t of the th ree express ions given below: 
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5000 + 70-G + 7-G^, 2-I-J, 

or 5000 + 7-(N-G)^ . (69) 

G is the number of groups, I is the number of first-dimension mesh intervals, 
J is the number of second-dimension mesh intervals, and N is the maximum 
number of expansion functions used simultaneously at any one axial mesh 
interval. Users of the CDC version of the Code Center SYN3D may run into 
trouble at about N"G = 50. Some coding changes are suggested in Section V-F 
which will alleviate the problem. 

Running time can vary dramatically, depending on the complexity of the 
model and the synthesis scheme used. The time required to do the integrals 
is proportional to the square of the number of groups (before group col­
lapsing) , the number of planar mesh points, the number of different axial 
zones, and the square of the number of expansion functions. The time for the 
solution of the synthesis equations is proportional to the number of itera­
tions, the number of axial mesh intervals, the cube of the number of groups 
(after group collapsing) and the cube of the number of expansion functions. 

Table III-3 shows running times for two fast critical assembly models. 

H. Applications of Synthesis 

Choosing Expansion Functions 

The choice of expansion functions is very important to the success of 
the synthesis approximation, but we will touch on that subject only very 
briefly in this report. The experiences of many users can be found in the 
Refs. 7, 9, 16, 19, 20, 27-30. We will summarize here some of Argonne's 
recent experience with SYN3D calculations of fast critical assemblies.^'~^ 

We have settled on different prescriptions for high-reactivity (core) 
and low-reactivity (blanket and reflector) planes of a model. For high-
reactivity planes the best choices are critically buckled, eigenvalue 
calculations. It is not necessary to fine-tune the buckling to force the 
two-dimensional eigenvalue to be exactly that expected for the three-
dimensional model; 1% or 2% differences are probably close enough. We have 
tried expansion functions which are calculated with group- and region-
dependent bucklings determined from an r-z model; synthesis calculations 
based on these expansion functions give better results than calculations 
based on uniformly buckled expansion functions, but the advantages are 
probably outweighted by the nuisance of setting up the extra r-z model. 
Our current practice is to choose a single, constant buckling, 

B^ = (Tr/L)2 , (70) 

based on an effective unreflected core height, L, which is within 10 cm. 
of the value that would be required to get the expected critical eigenvalue. 
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TABLE I I I - 3 . ARC Systein SYN3D Running Times and Storage Requirements 
for Two Fast C r i t i c a l Assembly Models on the IBM 370/195. 
The GCFR Model was Run a t Two Dif fe ren t Conta iner Sizes 

Model 

Groups 
S p a t i a l Mesh (x-y-z) 
Axial Zones 
Expansion Functions 
I t e r a t i o n s 

BPOINTER Container 
REGION Size (K-bytes) 

CP Time (min) 
WAIT Time (min) 
Tota l Time (min) 

GCFR 

11 
25 X 27 X 18 

4 
2 
5 

40,000 8,000* 
650 375 

0.9 0.9 
1.7 2.4 
2.6 3.3 

54 X 

ZPPR3 

28 
25 X 
3 
3 
4 

60 ,000 
800 

8.9 
3.3 

12.2 

22 

This was the minimum conta iner s i z e , rounded t o the next 1000 words , 
for which the GCFR model would run . 
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For low-reactivity planes such as a blanket zone, or no-reactivity 
planes like a reflector, an eigenvalue calculation is a poor (or even 
impossible) way to generate characteristic planar shapes. Our current 
practice is to obtain expansion functions from inhomogeneous calculations 
in which the fixed source is the product of the diffusion coefficient in 
the zone of interest times the expansion function characteristic of the 
adjacent, higher-reactivity plane. The philosophy behind this choice is 
that the most important source of neutrons in a low-reactivity plane is the 
leakage from a high-reactivity plane, and that leakage source is roughly 
proportional to: 

(1) the neutron distribution in the high-reactivity plane, and 

(2) the ability of neutrons to diffuse into the low-reactivity 
plane. 

We have applied this prescription almost entirely to axial blankets; we are 
not usually so interested in reflector zones that it is necessary to supply 
a reflector expansion function. 

Blanket Functions - STP016, AJCIO and ARCSP016 

An ARC System Catalogued Procedure, ARCSP016, and Standard Path, 
STP016, have been written to set up a fixed source for a subsequent 
DIFID or DIF2D calculation of a low-reactivity expansion function. 
ARCSP016 is listed in Appendix J, and STP016 is listed in Appendix K. 
Basically, STP016 calls the usual ARC System geometry and cross section 
processing modules to generate GEOM and XS.C.MIN files and then calls the 
module AJCOlO. AJCOlO multiplies an input flux distribution (FR.Dl or 
FR.D2) by the local diffusion coefficients and writes a fixed source 
file (ES.DID or ES.D2D). The symbolic parameters for ARCSP016 are listed 
in Appendix J. 

An ARCSP016 job step is usually followed immediately by an ARCSPOOl 
(DIFID) or ARCSP003 (DIF2D) job step. Figure III-2 shows an input deck for 
calculating a blanket function for the sample problems described in 
Section V-E. Quirks in the DIF2D Standard Path make it necessary to 
include a type 19 card in A.NIP (even though the data on that card is not 
used) and to include DATASET=ES.D2SH in the DIF2D BLOCK=OLD (even though 
no such data set exists). Note that the A.NIP created in the first step 
is passed to the second. 

IV. CODE STRUCTURE AND PROGRAMMING CONSIDERATIONS 

This section describes the structure of SYN3D from a programmer's 
standpoint. It is a survey of the several distinct code blocks making 
up SYN3D and is intended as an aid to users who wish to make changes 
to the code or who wish to understand the flow of the calculation. 

A. The ARC System SYN3D 

The differences between the Code Center SYN3D and the ARC System 
SYN3D are in operating environment; the bulk of the coding (specifically, 
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FIGUP'=: I T I - 2 . INPUT FOR A BLANKET EXPANSION FUNCTION CALCULATION OSING 
A R C S P 0 1 6 AND ARCSP03 ( D I F 2 D ) . 

/ / S T E O T EXEC A f i C S P 0 1 6 , 
/ / C 0 M P X S 1 = ' C 1 1 6 . B 2 1 0 0 6 . T E S T 3 D . X S C M I N . F 1 ' , 
// C01PXS2='C116.B210 06.TEST3D.XSCBIN.F2', 
// CXSDTSP=' (OLD,KEEP) • ,CXSVOLI^DISK98, 
// FLUX2D='C116.B2100 6.TEST3D.FRD2.COR'='O' , FLU X V0L = DISK9a 
//SYSIN DD • 
BL0CK=0LD 
DATASE'^=FR. D2 
DATASET=XS.r.aiv 
BLOCK=STP016 
DATASET = A. 'IIP 
0 1 T E S T 3 D , U N R O D D E D B L A N K E T P L A N F 
02 0 0 3000 - 1 3 0 0 0 - 1 0 1 

15 AB PLAN COREI CCRE2 
15 PC RODI R0D2 R0C3 R0D4 PODS 
19 OPEFL 1.0 
/* 
/ / S T E P 3 EXEC A P C S P 0 0 3 , 
/ / C 0 n ? X S 1 = « C 1 1 6 . P 2 1 0 0 6 . T E S T 3 D . X S C M I N . F I * , 
/ / C0MRX=^2='C1 1 6 . B 2 1 0 0 6 . T E S T 3 D . X S C a i N . F 2 ' , 
/ / C X 3 D I ' ^ P = ' ( O L D , K E E P ) • , CXS V0L1= D I S K 9 8 , 
/ / "1ICRXS1 = N U L L F I L E , 
/ / M I C R X S 2 = N U L L F I L E , 
/ / R F A L F L X = ' C 1 1 6 . P 2 1 0 0 6 . T E S T 3 D . F R D 2 . B L A N D * , 
/ / R E A L V C L = D I S K 9 8 , 
/ / P F A L D S P ^ ' ( O L D , K E E P ) ' 
/ / F T i g v o o i DP '>SN=. '>ANTP,UNIT^SBSCR, D I S P = ( O L D , D E L E T F ) 
/ / F T 3 6 F 0 O 1 DD DSN = F-ESD?D, D I S ? = (OLD , DELFTE) , VOL=SFR = SCR00 1 
/ / F T S 4 F 0 0 1 DP D I S P = ( O L D , D E L E T E ) , D N I T = 3 3 3 0 , V O L = S E R = S C R 0 0 1 
/ / S Y S I N Tip * 
B10CK=0LD 
C A T A S E T = A . N I P 
DATASE '^=XS.C . HJN 
D A T A S E T = F S . 1 2 0 
DATASET=ES.D2SH 
PLOCK = STt>003 
DATASFT=A.DTF2D 
0 1 T E 3 T 3 D , UNnODDED BLANKET PLANE 
01 0 0 0 3 1 5 
01 1 
02 
03 1 3 3 8 3 3 0 0 0 0 
04 1 . 0 F - 5 1 . 0 F - 5 1 . 0 F - 5 0 . 0 0 . 0 
0 5 3 0 0 1 3 3 8 3 
06 1 . 0 E - 8 0 . 0 0 . 0 
D A T » S R ' ' ' = » . P D I F 2 D 
01 4 0 0 
/ • 

0 
1 

0 

1 

0 
0 . 0 

http://B2100
http://6.TEST3D.XSCMIN.F1'
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the overlays CARDS, INTEG, SOLVE and EDITS) is identical. The ARC System 
synthesis Standard Path, STP018, calls a number of modules (among them 
SYN3D) in performing a synthesis calculation; the Standard Path and 
associated, additional ARC System modules have not been included in the 
Code Center SYN3D package. 

STP018 

Appendix B is a listing of the ARC System synthesis Standard Path, 
STP018. In addition to the SYN3D module, which is designated NUC012 in 
the ARC System, STP018 may execute one or more of the following modules: 

NUIOOl The cross section homogenization input 
processor. 

NUCOOl Cross section homogenization. 

NUI004 Triangular mesh geometry input processor. 

NUI002 General geometry input processor. 

File Definitions 

The ARC System SYN3D uses ARC System files. Version III CCCC files 
and a number of scratch files. The ARC System and CCCC files are discussed 
in Section III of this report. The official definitions of the required 
Version III CCCC files are given in Appendix I along with a discussion of 
the one instance (in a triangular mesh GEODST file) where the SYN3D require­
ments and the official definitions differ. Scratch files are defined in 
Appendix E. 

B. Overlay Structure 

Figure IV-1 is a diagram of the SYN3D module indicating the calling 
sequences of the overlays and subroutines. The Code Center version of 
the code does not include the TRANSL branch. The ARC System SYN3D does 
not contain the HMG4C branch. The functions of the main driver and each 
of the six primary overlays are discussed below. Table IV-1 lists each 
subroutine and common block and includes a brief description of functions 
performed. 

Main Driver 

The main drivers of the Code Center and ARC System versions of SYN3D 
differ somewhat in form but are similar in function. Each is a short 
routine which sets the values of a number of code dependent parameters and 
then calls the primary overlays which perform the synthesis calculation. 
In the Code Center version the main driver handles the SEEK initialization; 
in the ARC System this function is accomplished in the Standard Path. 

TRANSL 

TRANSL is a code block required in the ARC System SYN3D as an Infer-
face between ARC System files and the CCCC files that SYN3D works with. 
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I—TRANSL 

— CARDS-

MAIN DRIVER-
SEEK 
BPOTNTER 
LINES 
REDTOC 
ERROR 
REED 
RIT'': 

-H1G4C-
STNSFT 
DBLSET 
INTSFT 
OUTT 

[>» TEG 
NX-^HLC 
PLACE 

— SOLVE' 

-E 

PILLOP 
KIZIG 

-EDITS-

TBGE01 • 
TRFLUX 
TRXSCn 

READCD 
BRKDP 
RITSYN 

-TRGE02 

r—TYIN 

0VL1 

0VL2 

-OVI 3 

I—0VL4-

-INPR01 
-EDHOD 
-INPR02 
-EDTOC 
-INPR04 
-REWRIT-
-SETDP 
-DECIDE 
-INT1 
-INTI* 
-INT2 
-TNT3 
-INTRIT 
-RITTOC 

-DIVVY 
-WINTGL 
-CALPOH 
-SPPO" — 
-ODTPRO 

REDED 
PDENOM 
•RITGEO 

—FLUX3D-
PLOTS — 

€ 
RDNDX 
BDATDN-
I S 0 R 1 4 -

I S O R 5 8 -

pwp rci 
-WREC2 
—VREC3 
I—WREC4 

EEDTXS 1 
EDTXS2 
SVXS 

WPITXS 

- I N T 1 1 

• I N T 2 1 
• I N T 3 1 

-ORTH 
-SHUFFL 
-ARITH 
-INVERT 

-TWODPR 
PGPLOT 

I—F 

ATDN3 
EDTISO 
VSCAT 

UPDATE 
FTSPEC 

FARSET 

-TNT32 

FIGURE IV-1. syN3D PROGPAM STRUCTURE SHOWING SUBROUTINE CALLIN- SEQUENCES. 
TRANSL IS USED ONLY TN THE ARC SYN3D, H1G4C TS USED ONLY TN 
THE CODE CENTER VERSION. ROUTINES CALLED BY SEVERAL SUBROUTINES 
IN R BRANCH ARE LISTED UNDER THE BRANCH NAME. FOR EXAMPLE, 
SEEK IS USED THROUGHOUT THE CODE, QUIT IS CALLED BY SEVERAL 
SUBROUTINES IN HMG4C, ETC. 
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TABLE IV-1. SYN3D SUBROUTINES AND COMMON BLOCKS. 

ROUTINES USED THPOUGHOUT SYN3D. 

BULK BPOINTER ROUTINE, INITIALIZES BULK STORAGE (LCM) . 
CLEAR '^POINTER ROUTINE, ZEROES ZRRAY. 
ERROR ERROR ROUTINE. 
FREE BPOTNTER ROUTINE, RELEASES BPOINTER CONTAINER. 
IPT2 BPOTNTER ROUTINE, RETURNS POINTER FOR SUBAREAY. 
TPTERR BPOINTER ROUTINE, RETURNS NUMBER OF BPOINTER ERRORS. 
IGET BPOINTER RnnTTNF, RETURN POINTER FOR ARRAY. 
LINES PSG'=' HEADINGS. 
PGINTR PPOINTEP ROUTINE, INITIALIZATION. 
PURGE BPOIN'^ER POU^TNE, SHIFTS ARRAY STORAGE TO SQUEEZE OUT BLANKS, 
PUT"i '^POINTER ROUTINE, RESERVES STORAGE FOR ARRA^. 
"FDEFM BPOTNTER ROUTINE, CHANGES STORAGE FOR ARRAY. 
REDTOC "EADS INTTOC FILE. 
REFD RFADS BINARY FILES. 
RTTF 'JRITES BINARY FILES. 
SEEK CCCC FILE MANAGER. 
TIM^R =E'"UHNS TIME, DATE, FTC. 
-.TXPOUT BPOTNTER ROUTINE, RELEASES STORAGE FOR ARRAY. 

COMMON BLOCKS. 

ARRAY RFPERENCE POINT FOR BPOINTER CONTAINER. 
HMGPTR ''POINTER POINTERS FOP HHGUC. 
HO"TN TO DARAMETFRS. 
LINK DATA FOR LINES. 
LOCATE BPOTNTER PARAMETERS. 
MASTER GENERAL SYN3D DATA. 
OUTPUT -^O PARACETEF. 
POINT BPOINTER POINTERS FOR INTEG. 
POINTC BPOTNTFR POINTERS FOR CARDS. 
POINTS BPOTNTER POINTERS ''OR EDITS. 
POINTS IPOTNTFF; POINTERS FOR SOLVE. 
HEP GENERAL H"G4C DATA. 
SCAT SCATTERING CROSS SECTION PARAMETERS FOR HMG4C. 
TRBM DAT? T̂ OP T^'^NSL. 
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TABLE T V - 1 . SYN3D SUBROUTINES AND COMMON BLOCKS. CONTINUED. 

TRANSL - ARC T O CCCC CONVERSION (ARC SYSTEM ONLY) . 

TPFLUX RFADS F R . D l , F R . D 2 , F A . D l , F A . D 2 , WRITES RTFLUX. 

TRGE01 P'^ADS GEOM AND BC, WRITES GEODST. 
TRGEO? TRANSLATES BOUNDARY CONDITIONS. 
TRXSCM RFADS 2 - F I L E X S . C . M I N , WRITES COMPXS. 

CARDS - PROCESSES CODE-DEPENDENT, BCD DATA. 

BRK"P BREAKS 3D "ODEL GEOMETRY INTO SEVERAL 2D GEODST F I L E S . 
READCD EEADS PCD CARD INPUT. 
piTSYN : : R I T E S S Y N C O N F I L E . 

HMG4C - CREATES MACROSCOPIC CROSS SECTION FILE, COMPXS (CODE CENTER SYN3D ONLY) 

MDN3 FEADS ZONE ATOM DENSITIES. 
DBLSET MOVES DCUBLE-pi?ECISTON DATA. 
EDTISO EDITS RECORDS 2 AND 3 OF ISOTXS FILE. 
EDTXS1 EDITS RECORDS 1 AND 2 OF COMPXS. 
EDTXS2 EDITS RECOPDS 3 AND 4 OF COMPXS FOR A SINGLE COMPOSITION. 
FARSET PEVER'̂ E OFDFP AND MOVE SINGLE-PRECISION DATA. 
FTSPEC COMPUTES PROMPT FISSION SPECTRUM. 
TNTSET MOVES INTEGER DATA. 
IS0R14 SEADS RECORDS 1-4 OF ISOTXS FILE. 
IS0RS8 FEADS ISOTOPE-DEPENDENT ISOTXS RECORDS. 
OVT 1 DRIVE'' FOR INITIAL CROSS SECTION INPUT PROCESSING. 
0VT,2 ORTVER FOR MICROSCOPIC DATA PROCESSING. 
0VL3 WRITES COMPXS FILE. 
0VL4 EDITS COMPX.S FILE. 
QUIT FATAL EPPOR MESSAGE. 
RDNDX FEADS NDXSRF FILE. 
RDATDN READS ZNATDN FILE. 
SinSET MOV:S SINGLE-PRECISION DATA. 
SVSCAT SCATTERING CROSS SECTION PROCESSING. 
SVXS PICKS UP MACROSCOPIC DATA. 
TYTN COMMUNICATION WITH THE REST OF SYN3D. 
UPDATE BUILDS UP MACROSCOPIC DATA. 
iiRECI VRITES RECORD TYPE 1 OP COMPXS FILE. 
WPEC2 WRITES RECORD TYPE 2 OF COMPXS FILE. 
>;PFC3 »RTTFS RFCOPD TYPE 3 OF COHPTS FILE. 
;JRFC4 WRITES RECORD TYPE 4 OF COMPXS FILE. 
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TABLE T V - 1 , SYN3D SUBROUTINES AND COMMON BLOCKS. CONTINUED. 

IHTEG - CALCULATES SYNTHESIS INTEGRALS, 

DECIDE 
EDMOD 
EDTOC 
INPE01 
INPR02 
INPR04 
INTRIT 
INTI 
INT11 
INT2 
INT21 
TNT^ 
INT 31 
INT32 
I NT 4 
NXTPLC 
PLACE 
EE'''RIT 
RITTOC 
SE'̂ 'UP 
WPITXS 

CHOOSES INTEGRA 
EDITS MODEL DES 
EDITS INTEGRAL 
PROCESSES CODE-
DETERMINES WHAT 
MAKES DATA MANA 
VPITES RECORDS 
CALCULATION OF 
CALCULATION OP 
CALCULATION OF 
CALCULATION OF 
CALCULATION OF 
CALCULATION OF 
CALCULATION OF 
CALCULATION OF 
PE-^URNS DATA RE 
STORES INTEGRAL 
REWRITES FLUXES 
rPITES INTTOC F 
OPENS OUTPUT IN 
PROCESSES CROSS 

LS TO B2 DONE ON EACH PASS THROUGH INTEG. 
CEIPTION. 
TABLE OF CONTENTS. 
DEPENDENT INPUT FROM SYNCON. 
INTEGRALS MOST BE CALCULATED. 

GEMENT DECISIONS. 
OF OUTPUT INTEGRAL FILE. 
SCATTERING, ABSORPTION AND FISSION INTEGRALS. 
SCATTERING, ABSORPTION AND FISSION INTEGRALS. 
PLANAR LEAKAGE INTEGRALS. 
PLANAR LEAKAGE INTEGRALS. 
AXIAL LEAKAGE INTEGRALS. 
AXIAL LEAKAGE INTEGRALS. 
AXIAL LEAKAGE INTEGRALS. 
FLUX AND POWER INTEGRALS. 
WRITE PAPAWETERS. 
S IN OUTPUT ARRAYS. 
, GEOMETRY DATA AND CROSS SECTIONS. 
ILE. 
TEGRAL FILES. 
SECTIONS FOP EEWRIT. 

SOLVE - SFTS UP AND SOLVES SYNTHESIS EQUATIONS. 

ARTTH MATRIX ARITHMETIC. 
CALPOW CALCULATES TOTAL POWER. 
DIVVY MAKES DATA MANAGEMENT DECISIONS. 
FILLUP BUILD EQUATION COEFFICIENT MATRICES FROM INTGLS FILE. 
INVFRT MATRIX INVERSION. 
KI7.IG RETURNS AXIAL MESH DATA. 
ORTH CHANGE OF VARIABLE TRANSFORMATION OF SYNTHESIS EQUATIONS. 
OUTPRO EDITS, WRITES COMBINING COEFFICIENT FILE. 
SHUFFL SHIFTS INTEGRALS IN EQUATION COEFFICIENT MATRICES. 
SPROB DIRECTS SOLUTION OF SOURCE PROBLEM. 
VINTGT, REWRITES INTEGRALS TO INTGLS FILE. 

EDITS EDIT PACKAGE. 

FLUXED RTFLUX, ATFLUX, PWDINT AND RZFLUX EDITS AND OUTPUT FILES. 
PDENOM PERTURBATION DENOMINATOR. 
PGPLOT PPTNTFR PLOTTER. 
PLOTS SFTS UP COMBINING COEFFICIENT PLOTS. 
REDED INPUT PROCESSOR FOR EDITS. 
RITGEO HRTTES GEODST. 
TWOOPP TABLE EDITS. 
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When t h e r e a r e i n p u t GEOM and BC f i l e s TRANSL t r a n s l a t e s t h e d a t a i n t o 
c o r r e s p o n d i n g GEODST f i l e s . When t h e r e a r e i n p u t FR.D2 ( o r FR.Dl) f i l e s 
TRANSL c r e a t e s t h e c o r r e s p o n d i n g RTFLUX f i l e s . I t d i s t i n g u i s h e s be tween 
FR.D2 and FR.Dl by check ing t h e d i m e n s i o n a l i t y of t h e GEODST f i l e s . 
F i n a l l y , TRANSL r e w r i t e s t h e d a t a i n an i n p u t XS.C.MIN f i l e i n t o t h e 
COMPXS f o r m a t . 

CARDS 

The main purpose of CARDS is to read BCD data and write the binary 
file SYNCON. The value of the integer variable IWHERE (defined in the 
main driver and transmitted to CARDS through the common block HOWIN) 
identifies the operating environment (ARC System or Code Center) and 
determines where the BCD data comes from. 

In the Code Center version (IWHERE = 1) the SYN3D input, starting 
with the cards-per-card-type data (see section V of this report), is 
read from the card input file. The logical unit number of the card 
input file, NFLIN, is set in the main driver and transmitted to CARDS 
through the common block HOWIN. In the ARC System SYN3D (IWHERE = 2) 
the BCD input is contained in the ARC System BCD file SYNFIL. In this 
case the logical unit number is determined through a call to SEEK. 

The subroutine READCD reads and stores all the BCD data. The sub­
routine RITSYN writes the SYNCON file, which is essentially a binary 
version of SYNFIL (see Appendix E). The first record contains a single 
number, the largest card type number. The second record contains the 
number of input cards for each card type. Each subsequent record contains 
the data on an input card, with the card type number (columns 1-2) omitted. 

If the user wishes to install some other input procedure, CARDS can 
be eliminated entirely, just so long as it is replaced with some other 
method of generating SYNCON. 

CARDS performs one other function. SYN3D normally operates with 
separate GEODST files for each of the planes of a model plus additional 
data in SYNCON specifying how the planes are to be stacked together. 
When a single GEODST file is input, and the "stacking" instructions (card 
types 4 and 5) are omitted, subroutine BRKUP converts the single input 
GEODST to a number of GEODST files of lower dimensionality and constructs 
the necessary card type 4 and 5 data before writing SYNCON. 

HMG4C 

HMG4C is used in the Code Center version of SYN3D to create macroscopic 
cross sections from input microscopic data; in the ARC System environment 
this calculation is performed outside the SYN3D module by the ARC System 
modules NUIOOl and NUCOOl, and HMG4C is not used. HMG4C reads the three 
CCCC files NDXSRF, ZNATDN and ISOTXS and writes the macroscopic cross 
section file COMPXS (see Appendix E). When a COMPXS file is input to the 
code, the main driver recognizes the fact and omits the call to HMG4C. 

After reading ZNATDN, NDXSRF and the isotope independent data of 
ISOTXS, into core HMG4C attempts to hold all the macroscopic arrays which 
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are to be computed in the remaining BPOINTER container space. If this is 
possible a single pass is made through the ISOTXS file and the contribution 
of each isotope is added to each macroscopic cross section of each composition 
containing that isotope. If all the macroscopic data will not fit in the 
available core, the code determines the maximum number of compositions which 
will fit in a single pass. As many passes through ISOTXS are then made as 
are required to process all the data. The results of each pass are written 
to a scratch file (HFILE) for temporary storage before being written to the 
output COMPXS. 

The COMPXS file has provision for directional diffusion coefficient 
data. HMG4C only supplies default values for this data - unity for the 
multipliers and zero for the additive terms (see Appendix E). To use 
directional diffusion coefficients in SYN3D the user must supply an 
appropriate COMPXS file from outside the code. 

INTEG 

The integrals required for the synthesis equations (see Section II of 
this report) are calculated by the INTEG overlay. These integrals are 
written into the library files VOLINT and DIFINT, with a table of contents 
and supporting data for the model written to the INTTOC file (see Appendix E). 

Subroutine INPROl reads input data from SYNCON and checks it for 
errors. Subroutines INPR02 and INPR04 inspect the model, determine what 
integrals are required and make data management decisions for the cal­
culation of the integrals. 

REWRIT rewrites the expansion and weighting function fluxes and the 
planar geometry descriptions into the REQFLX file (see Appendix E) and 
rewrites the required macroscopic cross sections into REQXST (see 
Appendix E). All the point group fluxes and mesh interval data 
associated with a number of adjacent rows of mesh intervals are combined 
into each record of REQFLX. The size of the records and, therefore, the 
number of rows represented in each record are determined at run time and 
depend on the available BPOINTER container space. The macroscopic cross 
sections are rewritten with the diffusion coefficients segregrated (in 
separate records) from the removal and fission data. Again, the REQXST 
record size is determined at run time. Each record of removal/fission 
data contains cross sections for all groups for as many compositions as 
the record size allows. Each record of diffusion coefficient data contains 
coefficients for all compositions for as many groups as the record size 
allows. 

The integrals are calculated inside a nest of loops over records of 
REQFLX and REQXST. Space is reserved for as many output records of inte­
gral library files (VOLINT and DIFINT) as can fit in core with one record 
of REQFLX and one record of REQXST. The integrals to be saved in those 
output records are built up during loops over REQFLX records (the inner 
loop) and REQXST records (the outer loop). The order in which the inte­
grals are to be done is determined in subroutine DECIDE; in an effort to 
minimize arithmetic, integrals requiring the same two functions are done 
simultaneously. 



40 

The manner in which the input fluxes, geometries and cross section data 
are rewritten for a particular job is described in the SYN3D output under 
the heading "DATA MANAGEMENT PARAMETERS FOR INTEGRAL CALCULATION". The 
table of contents of the output DIFINT and VOLINT files is also edited. 

Although the exact size of each VOLINT and DIFINT record depends on 
the integrals contained, a maximum record size, LENINT, is set in the main 
driver. The current value of LENINT has been arbitrarily set at 2000 words 
(REAL*8 words on IBM machines). 

SOLVE 

Overlay SOLVE sets up and solves the synthesis eigenvalue problem. 
In a series of calls to subroutine FILLUP the code determines the order in 
which integrals are going to be needed during the sweep through the axial 
mesh (see section II-D for the solution algorithm). Whenever possible, 
integrals required to set up equations at one mesh interval are saved and 
reused at the next. The required integrals from VOLINT and DIFINT are re­
written to a scratch file INTGLS in the order in which they are to be 
needed. Data management decisions required to set up the integral re­
writing and later solution are made in subroutine DIWY. The integrals 
are rewritten in WINTGL. 

The inhomogeneous problem solution which is the basis of the eigen­
value calculation (see Section II-D) is carried out in subroutine SPROB. 
SPROB sets up the synthesis equations with the aid of subroutine FILLUP, 
now operating in a mode in which it retrieves integrals from the INTGLS 
file, and subroutine SHUFFL, which rearranges elements of the equation 
matrices in order to reuse integrals during the sweep of the axial mesh. 
During the forward-elimination part of the sweep the H matrices (see Eqs. 
42 and 43) are stored in the file HFILE. 

After the eigenvalue iterations subroutine OUTPRO edits the combining 
coefficients and writes the combining coefficient files, DCCOEF and ACCOEF. 

EDITS 

The EDITS overlay handles all the optional output edits and files. 

C. BPOINTER. A Dynamic Storage Allocation Subprogram Package 

BPOINTER is a general, FORTRAN subprogram package which was developed 
to alleviate bookkeeping chores associated with the use of dynamic storage 
allocation techniques.^^ 

Programs which use BPOINTER tend to be structured in subroutine form. 
A control routine is used to define one or two large blocks of storage 
(called the container array) and to make the appropriate calls to BPOINTER 
to control the allocation of storage within the block(s). Calls to 
calculational subroutines transmit pointers corresponding to appropriate 
array locations through the calling sequences. All BPOINTER capabilities 
are accessed through an appropriate call to an entry point, subroutine or 
function subprogram. The following capabilitit's are available in the 
BPOINTER system: 
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(a) Storage of data in and retrieval of data from the container 
array, via user defined variable arrays. 

(b) Purge of variable arrays stored in the container array. 

(c) Automatic "cleanup" of the container array when more 
storage is required. 

(d) Re-definition of array sizes without loss of data already 
stored in the array. 

(e) Array dump of selected integer, floating point or BCD 
arrays in a prescribed format. 

(f) Trace dumps of BPOINTER activities. 

(g) Status reports of the BPOINTER tables. 

Detailed program documentation including flow charts, common block 
information and subprogram descriptions is available in Ref. 25. This 
section is intended to provide a brief description of how the program 
package operates. The major differences between the IBM and CDC stand­
alone versions of the program package are also noted. 

The short example listed in Fig. IV-2 is intended to illustrate 
the structure of a program using the BPOINTER package. This example 
shows the manner in which a container is allocated, pointers defined 
and used, and the container released. 

Brief descriptions of all the BPOINTER entry points, subroutines 
and functions are given in Table IV-2. 

All dynamically allocated arrays are addressed relative to the common 
block /ARRAY/ which contains a single array element, BLK(l). In the IBM 
version of the code the element must be declared DOUBLE PRECISION. In 
some versions of the CDC BPOINTER (not the version accompanying the 
Code Center SYN3D, which does not use LCM) a second common block /ARRAY2/ 
is used to address ariays allocated to a large core memory container. In 
versions of BPOINTER which use LCM this common block also contains a single 
array element, BLKECS(1), which must be declared a LEVEL 2 variable. In 
the SYN3D BPOINTER package BLKECS appears in the coding but is equivalenced 
with BLK. The equivalent of the large core memory container on IBM 
equipment is a second container which may be given a HIARCHY 1 location 
but is addressed in precisely the same manner as the first (SCM) container. 
The one word assigned to the container by the source language program pro­
vides a reference address. At execution time machine language routines 
(ALLOCl, ALL0C2 on IBM, MEMGETl, MEMGET2 on CDC) are used to obtain the 
addresses of core which are available to the program for the allocation 
of data arrays. These blocks of core are allocated in the following manner: 
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FIGURE IV-2. EXAMPLE OF BPOINTER USE. 

C BPOINTER EXAMPLE 
C DEFINE CONTAINER COMMON BLOCK 

C 
R E A L * 8 P L K , F L U X , POWER 
COMnON/ARRAY/BLK(1) 
DIMENSION PLK4(1) 
EQUIVALENCE (D LK (1) , BLK4 (1) ) 
DATA FLUX/6HFLUX /, P0WER/6HP0WER /, KAXSIZ/10000/ 
DATA T4/4/, 18/8/, lO/O/, NG/27/ 

C 
C AILOCATE CONTAIFER WITH MAXSIZ WORDS OF SCM AND NO LCM 
C 

CALL BULK(IO) 
CALL P O T N T R ( E L K , M A X S I Z , 1 0 ) 

C 
C ALLOCAT' SPACE FOR ARRAYS POWER, FLUX AND CUPPFNT 
C 

CALL PUTM (POWER,IB, NG,IPOKR) 
CAIL PUTM ( F L U X , T l » , 2 * N G , i r L 0 X ) 

C 
C DETEFHINE POINTER FOB SUE-ARFAY CDRBBNT WHICH FOLLOWS THE 
C NG SINGLE PRECISION WORDS FOR THE APRAY FLUX 
C 

I C U R N T = I P T 2 ( I F L U X , N G , I 0 ) 
C 
C CHECK ON BPOINTER ERROR 
C 

TF ( IPTERR (DUM) . G T . 0 ) PHINT 5 0 0 
5 0 0 FORMA" ( I H O , 1 4 H B P 0 I N T E R ERROR) 

C 
C CALL SUBROUTINE I N I T TO USE THESE ARRAYS 
C 

CAIL I N I T (BLK(IFLUX) ,BLK(IPOWR) , B L K 4 ( I C U R N T ) ,NG) 
C 
C FREE CONTAINER AND RETURN 
C 

CALL FREE 
RETURN 
'ND 
SUBROUTINE I N I T ( P H I , P O W E R , C U R E N T , N G ) 

C 
C USE BPOTNT'R ARPAYS JUST AS ANY OTHER VARIABLES 
C 

PEAL*8 POWEP 
DIMENSION PHI (1 ) , POWER( 1) ,CURENT(1) 
DO 10 1 = 1 , N G 
PHI (T) = 1 . 0 
PO"ER ( I ) = 3 . I F + 0 6 
CUPENT f l ) = . 3 3 3 

10 CONTINUE 
RETURN 
FNP 
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POINTR 

PUTPNT/PUTBLK 

BULK 

FREE 

WIPOUT/CLEAR 

GETPNT/GETO/DUMP 

IGET 

IPT2 

PUTM/PUTB 

IPTERR/NNAMSF 

ILAST/ILASTB 

REDEF 

REDEFM/REDEFB 

PURGE/PURGEB 

STATUS 

PRTIl 

PRTIIE 

PKri2 

PRTI2E 

PRTRl/PRTAl 

PRTRIE/PRTAIE 

PRTR2/PRTA2 

PRrR2E/PRTA2E 

TABLE IV-2. BPOINTER Subprogram Descriptions 

Initializes tables of dynamic allocation program pack­
age and calls ALLOCl and ALL0C2 to allocate container(s) 
for variably dimensioned arrays. 

Dummy routine calls PUTM to allocate array storage. 

Sets number of words of BULK(LCM) core to be allocated. 

Calls FREEl and FREE2 to release container allocated 
by calls from subroutine POINTR. 

Deletes a named array from BPOINTER tables; zeroes all 
locations assigned to a named array. 

Returns pointer for a named array; returns index in 
BPOINTER tables of a named array; controls printing of 
a named array. 

Returns pointer for a named array. 

Returns pointer to a sub-array relative to a single 
precision word length container. 

Enters named arrays into fast and BULK(LCM) containers 
respectively. 

Returns number of BPOINTER errors, returns number of 
named arrays in BPOINTER tables. 

Returns word number of first available word in SCM/LOl 
container. 

Dummy routine calls REDEEM to redefine size and/or 
location of named array. 

Redefine the size and/or location of named array within 
BPOINTER tables and containers. 

Sift storage in SCM/LCM containers to eliminate unused 
blocks created by WIPOUT calls. 

Edits status of BPOINTER tables. 

Prints half word integer array from SCM container. 

Prints half word integer array from LCM container. 

Prints full word integer array from SCM container. 

Prints full word integer array from LCM container. 

Prints full word real array from SCM container. 

Prints full word real array from LCM container. 

Prints double word real array from SCM container. 

Prints double word real array from LCM container. 
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IBM Allocation 

The standard IBM macro instructions GETMAIN and FREEMAIN are used to 
allocate and free consecutive words of core which are available to the pro­
gram. The designations subpool 1 and 2 are assigned to the bulk (LCM) and 
fast (SCM) containers, respectively. Since allocations are performed in 
units of 256 (eight byte) words, it is most efficient to request blocks of 
core in such multiples. 

CDC Allocation 

The COMPASS routine MEMGET uses the standard CDC macro instruction 
MEMORY to determine the job's SCM and LCM field lengths. The top of the 
user's SCM field length is used for the BPOINTER SCM container. The user 
is responsible for providing enough SCM. memory to accommodate both the 
program and the BPOINTER container; there is currently no effective check 
to make sure that data stored in the BPOINTER container does not overlap 
code. It is assumed by the CDC version of BPOINTER that the level 2 
common block /ARRAY2/ is addressed as the first word of LCM and the entire 
LCM field length is assumed to be available to BPOINTER for its LCM 
container. 

The letters M and B are used as neumonics within BPOINTER to designate 
routines which operate on the SOI and LCM containers, respectively. Thus 
PUTM allocates an array in the SCM container while PUTB (which is not used 
in SYN3D) allocates an array which must be referenced on CDC equipment as 
a LEVEL 2 array. On IBM equipment without HIARCHY support (e.g. 370/195) 
the two containers are equivalent. The distinctions noted above between 
the two dynamic containers are important on CDC equipment where the con­
tainers are addressed quite differently and on IBM equipment with HIARCMY 
support where access to the BULK container (HIARCHY 1, subpool 1) is 
significantly slower than access to the MAIN core container (HIARCHY 0, 
subpool 2). 

V. THE ARGONNE CODE CENTER VERSIONS OF SYN3D 

SYN3D is available on magnetic tape through the Argonne Code Center 
for both IBM and CDC machines. This section describes the contents of 
the tapes and outlines the steps necessary to implement the code in stand­
alone form (without understanding very much about synthesis or the code 
itself). The Code Center package includes several test problems; this 
section also contains descriptions and the solutions of these test 
problems. 

A. The SYN3D Package 

The Code Center SYN3D package consists of this memo and a magnetic 
tape containing four BCD files. There are separate tapes for IBM and CDC 
versions; Table V-1 describes the format of each tape and the contents and 
length of each BCD file. 
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TABLE V-1. Description of SYN3D Tapes and the BCD 
Files they Contain 

lype 
Density 

Qiaracter Code 

IBM Tape 

9 t r k . 

800 bpi 

EBCDIC 
(029 keypunch) 

CDC Tape 

7 t r k . 

556 bpi 

BCD 
(026 keypunch) 

In both cases there are no internal labels, 
there are 80 characters per card image and 
and the blocking is 3200 (Forty cards per 
block). 

File Number 

1 

2 

3 

5 

Contents 

SYN3D FORTRAN source code 

Additional BPOINTER routines 

CDFILE FORTRAN source code 

Interface files in CDFILE 
format 

Number of Card Images 

IBM Tape CDC Tape 

19163 19163 

501 130 

665 665 

1418 1418 

TABLE V-2. 

Overlay 
Name 

MAIN 
CARDS 
HMG4C 
INTEG 
SOLVE 
EDITS 

SYN3D Segments 

Card 
Numbers 

1-2154 
2155-2971 
2972-6278 
6279-12981 
12982-16363 
16364-19163 
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SYN 3D 

The first two files combine to form the SYN3D code. The first file 
is SYN3D proper. The IBM and CDC versions are derived from the same source 
code. Statements that are unique to IBM computers (e.g. REAL*8) are 
surrounded by pairs of comment cards starting with the characters "CIBM" in 
columns 1-4 and are commented out in the CDC version. Statements that are 
unique to CDC computers (e.g. OVERLAY) are surrounded by "CDC*" comment cards 
and are commented out in the IBM version. 

The card number (columns 73-80) of a particular FORTRAN instruction in 
the IBM version is the same in the CDC version. This was done to avoid the 
nuisance of maintaining entirely separate versions of the code. Future 
corrections to the code will be specified in terms of this numbering system. 

ADDITIONAL BPOINTER ROUTINES 

BPOINTER is a set of dynamic storage allocation subroutines used in 
SYN3D to manage fast memory. The bulk of the coding is in FORTRAN, is 
common to both IBM and CDC versions of SYN3D, and is included in the SYN3D 
source file (cards 902-2154). 

A few of the BPOINTER routines, however, are machine dependent, and 
these are included in file 2 of the Code Center tape. For the IBM version 
these additional routines are all in assembler language. For the CDC 
version they are partly FORTRAN (the first 108 cards of file 2) and partly 
COMPASS (the last 22 cards). 

The additional BPOINTER routines can be assembled (and for the CDC 
version compiled) separately and included in the main overlay of SYN3D (cards 
1-2154 of file 1) at load time. 

CDFILE 

CDFILE (file 3) is a short, stand-alone, FORTRAN code which provides 
a crude way of generating CCCC binary interface files from BCD card input. 
File 4 contains the CDFILE BCD input file needed to produce binary inter­
face files for a number of sample problems. If the user has other means 
of writing CCCC interface files he/she may choose to ignore files 3 and 4. 

B. Code Structure 

The discussion of the structure of SYN3D included here will just cover 
those aspects which affect the linking and execution of the code in a 
straightforward, stand-alone form. The functions of the several overlays 
of the program are covered in more detail in Section IV. 

The simplest overlay scheme (other than none at all) is a division 
into a main overlay and five primary overlays. The names of the overlays 
and the corresponding card numbers in the source coding (file 1 of the 
Code Center tape), are given in Table V-2. The additional BPOINTER 
routines (file 2) should be included in the main overlay. 
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The CDC version of SYN3D includes OVERLAY cards at the beginning of 
each of the segments listed in Table V-2 and, therefore, can be complied 
directly from tape to a load file. For those compilers which permit a 
mix of FORTRAN and assembler language it may be convenient to splice the 
additional BPOINTER routines (file 2 on the Code Center tape) into the 
SYN3D source file after card 2154. Alternatively, one can compile SYN3D 
and the additional BPOINTER routines separately and merge the two either 
by inserting the additional BPOINTER relocatable object code at the proper 
place in the SYN3D load file or, for loaders that permit it, by providing 
the additional routines through a user library. 

The IBM version of SYN3D has been run at Argonne by compiling the 
segments listed in Table V-2 and assembling the additional BPOINTER 
routines to a partitioned data set and then overlaying at load time. 

C. File Number Assignments 

All binary files (input and output interface files and scratch files) 
used by SYN3D are handled through the CCCC standard subroutines SEEK, REED 
and RITE. The assignment of file numbers to file names and the initialization 
of the SEEK tables is done from the SYN3D driver routine (cards 1-170 of 
the source code). 

The file assignments in the Code Center version of SYN3D are listed in 
Table V-3. Multiple versions of some files are required. Printer output 
is written to file 6; BCD input (if required) is read from file 5. File 
assignments can be easily rearranged by changing the coding in the main 
driver; no other routines need be modified. 

All files are written sequentially. All but one file (HFILE) is read 
sequentially. At different stages of the calculation HFILE is read both 
forwards and backwards. SYN3D does not require direct access files. 

D. Running the Code Center SYN3D as a Stand-alone Program 

The Code Center version of SYN3D is set up to execute in environments 
that may never have heard of the CCCC standards. Most of the input data 
are contained in CCCC standard interface binary files, and a small program, 
CDFILE, is provided (file 4 of the Code Center tape) to convert input from 
BCD cards or a card image file to the necessary binary files. Those 
installations which already can write CCCC files can ignore CDFILE. A small 
amount of data specifying input binary file numbers and additional, code-
dependent data are read from cards. Even these BCD data can be eliminated 
if desired (see section V-F). 

CDFILE 

This utility program was written largely as a crude input processor for 
the Code Center version of SYN3D. It only processes the six CCCC files 
RTFLUX, ATFLUX, GEODST, ISOTXS, NDXSRF and ZNATDN. 

CDFILE operates in two modes. In the first (M0DE=1) it will read a 
number of CCCC binary files (those types listed above) and write the data 
in BCD card image form to a single BCD file. In the second (M0DE=2) it 
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TABLE V-3. Files Required by the Code Center Version of SYN3D 

(GEODST through ZNATDN are CCCC files. The 
rest may be treated as scratch files.) 

File 
Name 

File 
Version 
Nos. Use 

Logical Unit 
No.* 

GEODST 1-10 

RTFLUX 

ATFLUX 

PWDINT 

RZFLUX 

ISOTXS 

NDXSRF 

ZNATDN 

INTTOC 

INTTOC 

VOLINT 

VOLINT 

DIFINT 

DIFINT 

DCCOEF 

ACCOEF 

COMPXS 

1-11 

1-5 

1 

1 

1 

1 

1 

1 

2 

1 

2 

1 

2 

1 

1 

1 

These are the several two-dimensional 11-21 
ffiODST files required to describe a 
three-dimensional model. (5E0DST,1 can 
be a three-dimensional file, in which 
case the code will write two-dimensional 
files GEODST,2...GEODST,N. 

RTFLUX files containing expansion and/or 21-31 
weighting functions. 

ATFLUX files containing expansion and/or 32-36 
weighting functions. 

Output power density, by mesh volume. 37 

Zone average fluxes. 38 

Input microscopic cross sections. 39 

Cross-section reference. 40 

Zone atom densities. 41 

Input synthesis integral table of 42 
contents (optional). 

Output synthesis integral table of 45 
contents. 

Input synthesis VOLINT integrals 44 

(optional). 

Output synthesis VOLINT integrals. 45 

Input synthesis DIFINT integrals 4t. 

(optional). 

Output synthesis DIFINT integrals. 47 

Direct synthesis combining coefficients. 4S 

Adjoint synthesis combining coefficients. 49 
Macroscopic cross sections. 50 
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TABLE V-3. Contd. 

File 
Name 

REQFLX 

REQXST 

INTGLS 

HFILE 

SYNCON 

SYNFIL 

File 
Version 
Nos. 

1 

1 

1 

1 

1 

1 

Use 
Logical Unit 

No. 

Rewritten fluxes. 51 

Rewritten macroscopic cross sections. 52 

Rewritten synthesis integrals. 53 

Scratch file used during solution. (Also 54 
used by HMG4C if multipass mode is used. 

The input data in binary form. 55 

The input data in BCD card images (used 56 
with ARC System input routines). 

These are the file number assignments made in the main overlay of the Code 
Center version of SYN3D by the initialization call to SEEK. Since the rest 
of the code always uses SEEK to determine file numbers, it is a relatively 
simple job to assign entirely different file numbers by defining new SEEK 
tab les. 
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will read BCD card images from a single BCD file and write a number of 
binary files. File 4 of the Code Center tape is a BCD file written by 
CDFILE in the first mode and represents the binary files necessary for 
several test calculations. Section V-E describes these test calculations 
run by first executing CDFILE with M0DE=2 and file 4 of the Code Center 
tape as input and then executing SYN3D with the resulting binary files as 
input. Table V-4 describes the contents of the two input cards, and 
Table V-5 shows examples of the modes in which CDFILE can be run. 

CDFILE can process any number of files. The BCD file (LUNBCD) contains 
blocks (decks) of card images stacked in the order indicate 1 by 
(LUN(I),I=1,NFILES). There is no form of separator between blocks. 

Installations with any sort of a network of reactor analysis codes can 
find a more efficient procedure for generating CCCC binary interface files 
than the CDFILE program. We will not encourage the general use of CDFILE 
by listing in this report the card image formats for those CCCC files the 
code can handle. Users who have no other way to generate interface files 
are referred to the CCCC standard file descriptions (see Appendix I) and 
to the FORTRAN source coding of CDFILE. It suffices to say that the program 
sweeps sequentially through a binary file reading and writing integer and 
floating point data as they are encountered. 

It is suggested that CDFILE and the test problems supplied in the Code 
Center SYN3D package be used as a preliminary check of the code when it is 
initially implemented at any installation. Examples of the use of CDFILE on 
the ANL IBM-370 and the Lawrence Berkeley Laboratory CDC 7600 are included 
later in this section. 

SEEK Table Initialization 

SYN3D determines file numbers for all files (except card input and 
printer output) by calls to the CCCC standard subroutine SEEK. Among its 
several functions SEEK returns an "existence flag" which specifies whether 
or not a file "exists" (i.e. has been previously written). Files can exist 
because they are input to the code or because SYN3D writes them itself. 
There must be some mechanism, therefore, to flag an input file as "existing" 
in the tables kept by SEEK. 

The Code Center version of SYN3D does this with a single input card, 
read by the main driver (at card number 134 in the SYN3D source code). 
Each column of this card represents a logical unit number, and a non-zero 
integer in a particular column means that the corresponding file is an 
existing, input file. SYN3D then sets the existence flag for that file 
through a call to SEEK with an operation code of 1. This SEEK initialization 
card is the first card read by SEEK. 

The SYN3D BCD Control Data 

Obviously, there is input required by SYN3D that cannot be accommodated 
by the CCCC standard interface files alone. The Code Center version of 
SYN3D is set up to read a certain amount of data from cards placed after 
the SEEK initialization card. 



51 

TABLE V-4. CDFILE Input Data 

Card 

1 

2 

Contents 

NFILES, LUNBCD, MODE 

(LUN(I),I=1,NFILES) 

Format 

313 

2413 

NFILES = The number of CCCC binary interface files to be processed. 

LUNBCD = The logical unit number of the BCD file to which BCD card 
images are to be written (M0DE=1) or from which BCD card 
images are to be read (M0DE=2). 

MODE = 1, data from binary files is written to the BCD card image 
file (file number LUNBCD). 2, data from the BCD card image 
file is written to binary files. 

LUN(I) = The logical unit number of the CCCC binary interface file 
from which (M0DE=1) or to which (M0DE=2) the Ith block of 
data on the BCD file number LUNBCD is to be transferred. 

TABLE V-5. Examples of CDFILE Modes of Operation. These Exanples 
Assume File 5 is Card Input, File 6 is Printer Output 
and File 7 is Punch Output 

Mode 

1 

1 

2 

LUNBCD 

6 

7 

5 

CDFILE Function 

10 

Reads binary files and prints contents. 

Reads binary files and punches contents. 

Reads cards punched by a previous CDFILE run 
(M0DE=1, LUNBCD=7) and writes binary files. 
The card deck should be placed immediately 
after the two cards described in Table V-4. 

Reads card images from the file on logical unit 
10 (e.g. the fourth file on the Code Center tape) 
and writes binary files. 
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These data are provided on cards which have numbers in columns 1-2 which 
identify a particular card type. In many cases several cards of the same 
type may be required. The cards must be arranged in order of ascending 
card type number. Immediately after the SEEK Initialization card, and 
before the first numbered card, a card must be provided which defines (with 
format 2413) the number of cards included for each card type. The number 
of type 1 cards is punched in columns 1-3, the number of type 2 cards in 
columns 4-6, etc. 

The contents and formats of the numbered cards are given in the file 
description of the BCD file SYNFIL (see Appendix D). The user is also 
referred to the sample problem input shown later in this section. 

Examples of Input Decks with Control Cards 

Figures V-1 and V-2 show input decks set up to execute CDFILE and SYN3D. 
Figure V-1 is a job run on Argonne's IBM 370/195 which link edits SYN3D 
from a partitioned data set (C116.B21006.EXPORT.SEGLIB) containing the 
segments listed in Table V-2 and BPOINTER. The member ASSEM contains the 
additional BPOINTER routines. Figure V-2 is a job run on Berkeley's CDC 7600 
which loads SYN3D from a load file (PROG) complied by FTN4.5. 

BPOINTER 

Storage for almost all the dimensioned arrays used in SYN3D is managed 
through the dynamic storage allocation routine BPOINTER. At run time 
BPOINTER reserves a section of memory, called the "container", the length 
of which is specified in the input (card type 2). On the IBM 370/195 
BPOINTER actually requests space from the system, and if the REGION size 
is too small to hold both the program and the container an error message is 
printed. On CDC systems error messages may not occur when there is 
insufficient field length for the container until the code tries to store 
data outside the designated field length for the job. 

The version of BPOINTER included in the CDC package can be used to 
allocate storage only in SCM; at present SYN3D only uses SCM. 

E. Sample Problems 

Model Descriptions 

The test calculations included in the Code Center SYN3D package are 
based on the three-dimensional, simplified LMFBR model shown in Fig. V-3. 
A set of three-energy group cross sections is supplied, as are geometr>' and 
expansion function files required for several SYN3D calculations. The model 
includes rods which are banked at the midplane. The cross section data files 
contain microscopic cross sections for seven isotopes and number densities 
for seven compositions. Table V-6 defines the compositions. 

File 4 of the Code Center Tape 

The card images supplied in file 4 of the Code Center tape represent 
the CDFILE input "deck" required to generate 17 separate binary interface 
files. A description of each file is given in Table V-7. The "sequence 
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FIGURE V - 1 . INPUT DECK WITH CONTROL CARDS FOE THE IBM 3 7 0 / 1 9 5 . EXECUTE 
CDFILE TO GENERATE INTERFACE FILES, LINK EDIT SYN3D AND 
EXECUTE SAMPLE PROBLEM U. THE SOURCE CODE FOR CDFILE I S IN 
THE FILE 6CDFILE AND THE CDFILE INPUT IS IN THE FILE 6DATA. 
INTERFACE FILES NOT NEEDED IN THIS JOB ARE COPIED TO THE FILE 
SnUMP. 

/ / EXEC FTHCLG 
/ /FTH.SYSIN DD DSN=&CDFILE,DTSP= (OLD,PASS) ,UNIT=SASCR 
/ / G O . F T 0 9 F 0 0 1 DD DSN=6DUMP,DISP= (NEW,PASS) ,0NIT=SASCR, 
/ / SPACE=(CYL, ( 1 , 1 ) ) , D C B = (RECFn=VPS,LRECL = X,BLKSIZE = 6136) 
/ / G O . F T 1 0 F 0 0 1 DD DSN=SDATA,DISP= (OLD,PASS) ,UNIT=SASCR 
/ / G O . F T 1 1 F 0 0 1 DD DSN=5GE0DST1,DISP= (NEV,PASS) ,UNIT=SASCR, 
/ / SPACE= (CYL, ( 1 , 1 ) ) , DCB= (RECFM = VBS,LRECL=X , BLKSI7,E = fa 1 36) 
/ / G O . F T 2 2 F 0 0 1 DD DSN=&RTFLUX1,DISP= (NEW,PASS) ,UNIT = SASCR, 
/ / SPACE= (CYL, ( 1 , 1 ) ) ,DCB=(PECFn=VBS,LBECL=X,BLKSIZE = 6136) 
/ / G O . F T 2 3 F 0 0 1 DD DSN = 5RTFLDX2,DISP= (NEW,PASS) ,UNIT=SASCR, 
/ / SPACE= (CYL, ( 1 , 1 ) ),DCB=(RECFH=VBS,LRECL=X,BLKSIZE =6136) 
/ /GO. ' 'T24F0 01 DD DSN=8.RTF LUX3 , DI SP= (NEW, PASS) ,UNIT=SASCS, 
/ / SPACE= (CYL, ( 1 , 1 ) ) , D C B = (RECFM=VPS,LEECL=X,BLKSIZE = 6136) 
/ / G O . FT25F001 DD DSN = F-RTFLUX4 , DISP= (NEW, PASS) ,UNIT=S ASCR, 
/ / SPACE= (CYL, ( 1 , 1 ) ) ,DCB= (RECFM= VBS ,LPECL=X , BLKSIZE=61 36) 
/ / G O . F T 3 2 F 0 0 1 DD DSN=5ATFLUX1,DTSP=(NEW,PASS),UNIT=SASCR, 
/ / SPACE=(CYL, ( 1 , 1 ) ) ,DCB=(RECFM=VBS,LRECL=X,BLKSIZE=6136) 
/ / G O . F T 3 3 F 0 0 1 OD DSN=&ATFLUX2,DISP= (NEW,PASS) ,UNTT = SASCR, 
/ / SPACE= (CYL, ( 1 , 1 ) ) ,DCB=(RECFM=VBS,LRECL=X,BLKSIZE = 6136) 
/ / G O . F T 3 9 F 0 0 1 DD DSN=&TSOTXS,DTSP= (NEW,PASS) ,UNIT=SASCR, 
/ / SPACE= (CYL, (1 ,1 ) ) ,DCB=(RECFH = VBS,LRECL=X,BLKSIZE=6136) 
/ / G O . F T 4 0 F 0 0 1 DD DSN=(>NDXSRF, DI S P = (NEW , PASS) , UNIT=SASCR , 
/ / SPACF=(CYL, ( 1 , 1 ) ) , D C B = (RECFM=VBS,LRECL=X,BLKSIZE=6136) 
/ / G O . F T 4 1 F 0 0 1 DD DSN=SZNATDN,DTSP=(NEW,PASS) ,UNIT = SASCR, 
/ / SPACE= (CYL, ( 1 , 1 ) ) , D C B = (RECFM = VBS,LEECL=X,BLKSIZE=6136) 
/ /GO.SYSIN DC * 

17 10 2 
22 23 24 25 32 33 11 9 9 9 9 9 9 9 40 41 39 

/ * 
/ / EXEC FTXEP,EDTOPTS='OVLY' 
//EDT.SYSLMOD DD DSN=fiMODLIB(SYN3D) ,DISP= (NEW,PASS) ,UNIT=SASCR, 
/ / SPACE= (TRK, ( 4 0 , 5 , 1 ) ,RLSE) ,DCB=BIKSIZE=6144 
/ /EDT.SEGLIB DD DSN = C116. B21006.EXPORT.SEGLIB,DISP= (OLD,KEEP) 
/ /EDT.SYSIN DD * 

ENTRY MAIN 
INCLUDE SEGLTB(MAIN,ASSEM) 
OVERLAY LEVEL1 -> 
INCLUDE SEGLIB(CARDS) 
OVERLAY LEVEL1 
INCLUDE SEGLIB(HMG4C) 
OVERLAY LEV ELI 
INCLUDE SEGLTB(INTEG) 
OVERLAY LEVEL1 
INCLUDE SEGLIB(SOLVE) 
OVERLAY LEVEL1 
INCLUDE SEGLIB(EDTTS) 

/ • 
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FIGURE V - 1 . INPUT DECK WITH CONTROL CARDS FOR THE IBM 3 7 0 / 1 9 5 . (CONTD.) 

/ / EXEC PGf"=SYN3D 
/ / S T E P I I B DD DSN=FrMODLtB, 
/ / F T 0 S F 0 0 1 DD PDNAME=SYSI 
/ / F T 0 6 F 0 0 1 DD SYSOUT=A 
/ / f T I I ' ^ 0 0 1 DD DSN=5GE0DST 
/ / F T 1 2 F 0 0 1 DD DISP=(NE' ' ' ,D 
/ / DCP= (RECFM=VPS,LRE 
/ / P T 1 3 F 0 0 1 DD DISP= (NF''',D 
/ / DCB^(RECFH=VPS,LRE 
/ / F T 1 4 P 0 0 1 DD 0 I 3 P = ( N ' ^ V , D 
/ / DCB= (RECFM = V 3 S , L R E 
/ / F T 1 S F 0 0 1 DD D I S P = ( N E y , ' ^ 
/ / DCB=(RECFH=VBS,LRE 
/ / P T 1 6 ' ' 0 0 1 DD DTS?=(NFW,D 
/ / DCB=(PECFM=VBS,LRE 
/ / F T 1 7 F 0 0 1 DD DISP= (NEV ,D 
/ / DCB=(RECF.1 = VBS,LRE 
/ / F T 2 2 ' = ' 0 0 1 DD DSN=»>RTFLUX 
/ / F T 2 3 F 0 0 1 DD D3H=5RTFLUX 
/ / P T 2 4 F 0 0 1 DC DSN=6RTFLUX 
/ / F T 2 5 F 0 0 1 DD D 3 " = ^.RTFLUX 
/ / F T 2 6 F 0 0 1 DD D3N=',RTFLnX 
/ / S' 'ACE=(TRK, ( 1 , 1 ) ) , 
/ / F T 3 2 F 0 0 1 DD DSN=nATFLUX 
/ / F T 3 3 F 0 0 1 DD DSV=f;ATFLUX 
/ / V T 3 4 ' ' 0 0 1 DD D S N = ? ; A T F L U X 
/ / UHTT=SASCR,SPACF=( 
/ / DCB= (rECFM = VBS,LRE 
/ / F T 3 7 F 0 0 1 DD D S N = S P ' T D I N T 
/ / SPACT'= (CYL, ( 1 , 1 ) ) , 
/ / F T 3 8 F 0 0 1 DD DSN=F.RZFLUX 
/ / SPACE=(CYL, ( 1 , 1 ) ) 
/ / F T 3 9 F 0 0 1 DP OSN=eiSOTXS 
/ / F T 4 0 F 0 0 1 DD D S N = P , N D X S R F 
/ / F T 4 1 F 0 0 1 DP D3N=SZNATDN 
/ / F T 4 3 F 0 0 1 DD DSN=f;iNTTOC 
/ / SPl\CE= (TRK, ( 1 , 1 ) ) , 
/ / F T 4 5 F 0 0 1 DD D3N=6V0LINT 
/ / SPACE= (CYL, ( 2 , 1 ) ,R 
/ / F T 4 7 T ' 0 0 1 DD DSN^SDIFTNT 
/ / SrACE= (TRK, ( 5 , 1) ) , 
/ / F T 4 3 F 0 0 1 PD DSN=SDCCOEF 
/ / SPACE= (CYL, ( 1 , 1) ) , 

D I S P = ( O L D , P A S S ) ,nNTT=SASCR 
N 

1 , D I S P = ( O L D , P A S S ) ,UN I T = 3 
E L E T E ) , U N I T = S A S C F , S P A C E = 
C L = X , 3 L K S T Z F = 6 1 3 6 ) 
ELFTE) , U N I T = S A S C R , S P A C E = 
C l = Tf , B L K S I Z E = P 1 3 6 ) 
E L E T E ) , U N T T = S A S C R , S P A C E = 
C I = X , B L K S I Z E = 6 1 3 6 ) 
E L E T E ) , O N I T = S A S C R , S P A C E = 
C L = X , B L K S I Z E = 6 1 3 6 ) 
E L E T E ) , U N I T = S A S C R , S P A C E = 
C L = X , P L K 3 T Z E = 6 1 3 6 ) 
E L E T E ) , U N I T = S A S C R , S P A C E = 
C l = X , B L K S I Z E = 6 1 3 6 ) 
1 , D I S P = (OLD,PASS) , U N I T = S 
2 , D T S P = (OLD,PASS) , U N I T = S 
3 , D I S P = ( 0 L D , P A S S ) , U N I T = S 
4 , D T S P = (OLD,PASS) , U N I T = S 
5 , U N I T = S A S C R , D I S P = (NEW,P 
D C B = ( R E C F 1 = V B S , L R E C L = X , B 
1 , D I S P = (OLD,PASS) , D N I T = S 
2 , D I S P = (OLD,PASS) , U N I T = S 
3 , D I S P = (NEW,PASS) , 
TRK, ( 1 , 1 ) ) , 
C L = X , B L K S T Z E = 6 1 3 6 ) 
, O N I T = S A S C R , D T S P = ( N E W , D E 
DCB= (RECFM = V B S , L F E C L = X , B 
, U N T T = S A S C R , D I S P = ( N E K , D E 
DCB= (REC?"i = V B S , L R E C L = X , B 
, C I 3 P = (OLD,PASS) , 0 N I T = S A 
,DI"^P= (OLD,PASS) , U N I T = SA 
, D I S P = ( O L D , P A S S ) , U N I T = S A 
2 , D I S P = (NEW,DELETE) , U N I T 
DCB=(RECFM-VBS,LPECL=X,B 
2 , D I S P = (NEW,DELETE) , U N I T 
LSE) , DCB= (RECFM=VBS,LREC 
? , D I S P = ( N E W , D E L E T E ) , U N I T 
DCB=(RECFM=VBS,LPECL=X,B 
, D I S P = (NE'I,DELETE) , U N I T = 
DCB= (RECF"1 = VES,LRECL = X , B 

ASCR 
(TRK, ( 

(TRK, ( 

(TRK,( 

(TRK,( 

(TRK,( 

(TRK, ( 

ASCR 
ASCR 
ASCP 
ASCR 
ASS) , 
LKSIZE=6136) 
ASCR 
ASCR 

1 , 1 ) ) , 

1 , 1 ) ) , 

1 , 1 ) ) , 

1 , 1 ) ) , 

1 , 1 ) ) , 

1 , 1 ) ) , 

IFTE) , 
L K S I Z E = 6 1 3 6 ) 
L E T S ) , 
L K S I Z E = 6 1 3 6 ) 
SCR 
SCR 
SCR 

SASCR, 
L K S I Z F = 3 1 S 6 ) 
=SASCR, 
L = X , B 1 K S I Z F = 1 3 0 3 0 ) 
= S A S C R , 
I K S I Z E = 1 3 0 3 0 ) 
SASCR, 
L K S I Z ' ' = 6 1 3 6 ) 
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FIGU-JF V-1. INPUT DECK WITH CONTROL CARDS FOR THE IBM 370/195. (CONTD.) 

//FT49F001 DD DSN=5ACCOEF,DISP=(NEW,DELETE),UNIT=SASCR, 
// SPAC^^ (CYL, (1,1) ) ,DCB=(RECFM=VBS,LPECL=X,BLKSIZE = 6136) 
/ / F T 5 0 F 0 0 1 DD DSN=SCOM°XS,DISP= ( NEW,DELETE) ,UNIT=SASCR, 
/ / SPACE= (CYL, ( 1 , 1) ) ,DCB=(RECFM = VBS,LRECL = X,BLKSTZE = 6 1 3 6 ) 
/ / F T S 1 F 0 0 1 OD DSN=£REQPLX,DISP= (NE'-',DEIETE) ,UNIT=SASCR, 
/ / SPACK= (CYL, ( 2 , 1) ,RLSE) ,DCE= (RECFM= VPS , LRECL=X, BLKSIZE= 1 3030) 
/ / F T S 2 F 0 0 1 DD DSN='>R^ OXST , DTSP= ( NEW, DELETE) , UNIT=S ASCR, 
/ / SPACE= (CYL, ( 2 , 1 ) ,RLSE) ,DCB= (RECFM=VBS,LRECL = X,3LKSTZE=13030) 
/ / F T S 3 F 0 0 1 DD OS N = >̂  INTGLS , 0139= ( NEW, DELETE) , UNIT = SASCR, 
/ / SoftC^^ (CYL, ( 2 , 1 ) ,RLSE) ,DCB=(RECFH=VBS,LRECL=X,BLKSIZE=13030) 
/ / F T S 4 P 0 0 1 DD DSN=S9FTLE,DTSP=(NEW,DELETE),UNIT=SASCP, 
/ / SPACF= (CYL, ( 2 , 1 ) ,RL3F) ,DCB= (HECFM=VBS,LRECL=X,BLKSIZE=13030) 
/ / F T S S ^ O O I DD DSN=?;SYNCON,DISP= (NEW, DELETE) ,UNIT=SASCR, 
/ / DCP=(RECFM = V3S,LRECL=X,3LKSIZE=304) ,SPACE=(TRK, ( 1 , 1 ) ) 
/ / S Y S I N DD * 

1 1111 11 111 
4 1 1 0 0 2 4 0 0 0 0 0 2 0 0 1 1 1 1 1 1 

01 ^ GROUP, 3-DTMENSIONAL MODEL, MIXED FLUX AND ADJOINT WEIGHTING 
01 BLANKET FUNCTIONS (3 AND 4) NOT USED FVERYWHERE 
01 '^ROUP ^ OF BLANKET FUNCTIONS NOT tSED AT ALL 
01 TNPUT 3D GEODST FILF 
02 1u 2 2 0 3 3 1 
03 1 . 0 0 1 0 . 0 
06 ZL 1 
06 ZU 1 
07 RTFLUX 1 0 . 0 2 0 0 . 0 
07 RTFLUX 2 0 . 0 2 0 0 . 0 
07 RTFLUX 3 0 . 0 1 0 0 . 0 
07 RTFLUY 4 1 0 0 . 0 2 0 0 . 0 
08 ATFLUX 1 0 . 0 2 0 0 . 0 
OS »T?Lnx 2 0 . 0 2 0 0 . 0 
09 -ATFLUX 3 0 . 0 1 0 0 . 0 
08 RT'L'iX 4 1 0 0 . 0 2 0 0 . 0 
13 PTT^Li'X 3 
13 PTFLUX 4 
16 5 
^'^ 1 2 
18 1 2 
19 1 S 1 R 1 1 1 2 8 3 8 
20 1 3 1 8 1 11 2 8 3 8 
21 3 6 
/ • 

3 
3 

3 
3 
3 
3 
3 
1 
1 
9 

3 
? 
1 

R 
8 

12 

2 . 1 3 
2 . 1 3 

0 . 0 
0 . 0 
0 . 0 

1 0 0 . 0 
0 . 0 
0 . 0 
0 . 0 

1 0 0 . 0 

1 

1 
1 

IS 

11 
11 
18 
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FIGURE V - 2 . INPUT DECK WITH CONTROL CARDS FOR THE CDC 7 6 0 0 . EXECUTE 
CDFTLF TO GENERATE INTERFACE FILES, LOAD syN3D AND 
EXECUTE SAMPLE PROBLEM 4 . THE RELOCATABLE OBJECT CODE 
FOR CDFILE IS IN THE ' I L E "CDFILE" RND THE CDFILE INPUT IS IN THE 
PILE "DATA". THE FILE "PROG" CONTAINS THE RELOCATABLE OBJECT 
CODE FOR SYN3D. INTERFACE FILES NOT NEEDED IN THIS JOB ARE 
COPIED TO THE FILE "TAPE9". 

COPYBr(DATA,TAPE 10,1) 
PEWTHD(DATA,TAPE10) 
PEL,150000,500000. 
LINK(X,F=CDFILE,P=FTN4LIP) 
RF'-'TND (TAPE10) 
LTNK(X,F=PKOG,P=FTN4LTB,FL=1S0000) 

789 CARD 

17 10 2 
22 23 24 2S 32 33 11 9 9 9 ^ 9 9 9 40 41 31 

''8° CARD 

1 1111 11 111 
4 1 1 0 0 2 4 4 0 0 0 0 2 0 0 1 1 1 1 1 1 

01 3 GROUP, 3-DIMENSIONAL MODEL, MIXED FLUX AND ADJOINT VriG"TING 
01 BLANKET FUNCTIONS (3 AND 4) NOT US FD EVE'iY'HFR'' 
01 GROUP 3 OF BLANKET FUNCTIONS KOT USED AT ALL 
01 INPUT 3P GEODST FILE 
02 15 2 20 3 3 
0^ 1.00 10.0 
06 ZL 1 
0 6 7, U 1 
0 7 RTFLUX 1 0 . 0 2 0 0 . 0 
07 PTFLUX 2 0 . 0 2 0 0 . 0 
07 "^TFLnx 3 0 . 0 1 0 0 . 0 
07 ^T'̂ LUX 4 1 0 0 . 0 2 0 0 . 0 
08 ATFLHX 1 0 . 0 2 0 0 . 0 
08 AT^LMX 2 0 . 0 2 0 0 . 0 
08 RTFLUX 3 0 . 0 1 0 0 . 0 
08 PTFT.UX 4 1 0 0 . 0 2 0 0 . 0 
13 PT'̂ LUX 3 
13 RTFLUX 4 
16 5 
17 1 2 
18 1 2 
19 1 5 1 B 1 1 1 2 9 T 9 
20 1 5 1 8 1 1 1 2 8 3 8 
21 3 6 

678P CARD 

3 
3 

3 
3 
3 
3 
3 
1 
1 
9 

3 
3 
1 

8 
8 

1 2 

2 . 13 
2 . 13 

0 . 0 
0 . 0 
0 . 0 

1 0 0 . 0 
0 . 0 
0 . 0 
0 . 0 

1 0 0 . 0 

1 

1 
1 

15 

1 1 
11 
18 
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Fig. V-3. The Geometry o£ the 3D Test Model 
ANL Neg, No. I16-75-I7I. 



TABLE V-6. Ccai^ositions Used in Test Problems 

Isotope Number 

Isotope Name 

1 
2 39py 

2 
2 3 8 u 

3 

2 3Na Fe 

5 
160 

6 
l O g 

7 

Ccanposition 

Number Description 

1 inner core 

2 outer core 

3 axial blanket 

4 radial blanket 

5 reflector 

6 control rod 

7 rod channel 

Atom Densities (Atoms/cc * l.E-24) 

.0011 

.0015 

.0064 

.0054 

.0080 

.0145 

.0104 

.0110 

.0088 

.0066 

.0044 

.0104 

.0220 

.0181 

.0181 

.0244 

.0173 

.0691 

.0181 

.0149 

.0138 

.0160 

.0290 

.0149 .0090 .0412 Ln 
00 
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TABLE V-7. Description of the CDFILE BCD Data Blocks 
in File 4 of the Code Center Tape 

Interface 
File 
Name 

RTFLUX 

RTFLUX 

RTFLUX 

RTFLUX 

File Description 

5 

6 

7 

8 

ATFLUX 

ATFLUX 

GEODST 

GEODST 

GEODST 

10 

11 

12 

13 

14 

15 

16 

17 

GEODST 

GEODST 

GEODST 

GEODST 

GEODST 

NDXSRF 

ZNATDN 

ISOTXS 

A 2D flux solution in the unrodded core plane of the 
model. A buckled (transverse distance = 120 cm.) 
eigenvalue calculation (k = .99596). 

A 2D flux solution in the rodded core plane. A 
buckled (transverse height = 150 cm.) eigenvalue 
calculation (k = 1.00914). 

A 2D flux solution in the unrodded, axial blanket 
plane. An inhomogeneous calculation. 

A 2D flux solution in the rodded, axial blanket 
plane. An inhomogeneous calculation. 

A 2D adjoint solution in the unrodded core plane. 

A 2D adjoint solution in the rodded core plane. 

A 3D geometry description of the model. 

A 2D geometry description of the unrodded reflector 
plane. 

A 2D geometry description of the unrodded axial 
blanket plane. 

A 2D gecanetiy description of the unrodded core plane. 

A 2D geometry description of the rodded core plane. 

A 2D geometry description of the rodded axial blanket 
plane. 

A 2D geometry description of the rodded reflector plane. 

A 2D geometry description of a 12 x 12 mesh, uniform 
plane with zero-current boundary conditions. 

Cross section reference data. 

Atom density data. 

Microscopic cross sections. 
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number" indicates the order in which the card image blocks for each binary 
file are arranged in the card image file. 

Sample Problem 1 

The first sample problem is a fundamental mode calculation for the 
infinite medium eigenvalue and spectrum for composition 1, the material 
in the inner core of the model (see Table V-6). One of the GEODST files 
(sequence number 14 in Table V-7) represents a homogeneous, reflected 
plane containing composition 1. The synthesis calculation uses this 
GEODST file, a flat expansion function (1.0 everywhere in space and energy) 
and zero-current axial boundary conditions. 

This first sample problem requires four input interface files: the 
uniform plane GEODST mentioned above, NDXSRF, ZNATDN and ISOTXS. The 
GEODST file is used only in this calculation; the other three files define 
the compositions and cross sections and are used in all four sample problems. 
The SYN3D BCD input for the job is shown in Fig. V-4. 

Appendix H-1 is the complete output (16 pages) from sample problem 1. 
In this one case the macroscopic cross section edits (card type 2) have 
been turned on to provide a printed record of their values. The infinite 
medium fundamental eigenvalue for composition 1 is 1.3017, and the eigen­
vector (from the synthesis combining coefficient edits) is 

1.000, 1.400, 0.04585 

Sample Problem 2 

One of the RTFLUX files in file 5 of the Code Center tape (sequence 
number 1 in Table V-7) was generated from a buckled, 2D diffusion theory 
calculation in the unrodded core plane of the 3D model. The buckling 
corresponded to a transverse slab thickness of 120 cm., and the 2D 
eigenvalue was .99596. Sample problem 2 is a synthesis calculation of 
a 3D model which is axially uniform and is described in the plane by the 
2D GEODST file defining the unrodded core plane (sequence number 10 in 
Table V-7). The model is 60 cm. high and has zero current and zero flux 
boundary conditions on the first and second z boundary planes, respectively. 

The unrodded core RTFLUX file is provided as the only expansion 
function, and the flat (UNIT) weighting option is used. Since the expansion 
function is "perfect" for the problem, and the flat weighting reduces the 
synthesis equations to the balance satisfied by the original 2D calculation, 
SYN3D should reproduce the 2D eigenvalue and yield combining coefficients 
which are cosine shaped and equal in magnitude in all thn-i groups. Figure 
V-5 lists the input interface files and shows the BCD input. 

Appendix H-2 shows the complete output (6 pages) from this sample 
problem. The eigenvalue is .99600 and the combining coefficients are 
essentially equal in all groups. The output shown in Appendix H-2 comes 
from a job run on an IBM 370/195; the same job run on a CDC 7600 gave an 
eigenvalue of .99599. Small deviations are to be expected because of the 
finite axial mesh and the fact that on IBM machines the cross sections 
are stored in SYN3D in REAL*4 words. 
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FIGURE V-4. SYN3D BCD INPUT AND INPUT INTERFACE FILES FOR THE 1ST 
SAMPLE PROBLEM. EACH INPUT FILE IS IDENTIFIED BY A 
SEQUENCE NUMBER FROM TABLE V-7 AND IS ASSIGNED A LOGICAL 
UNIT NUMBER CONSISTENT KITH TABLE V-3. THE BCD DATA CONSISTS 
OF THE SEEK INITIALIZATION CARD, A "CARDS-PER-CARD-TYPE" 
CARD AND A SET OF TYPE-NUMBERED CARDS. 

INPUT INTERFACE FILES 

SYN3P LOGICAL UNIT NUMBER 11 39 40 41 
FILE SEQUENCE NUMBER (TABLE V-7) 14 17 15 16 

BCD 

1 
01 
02 
04 
05 
07 

IN^UT 

1 
1 0 1 

THREE 
5 

UNIT 

1 0 
GROUP, 

1 
3 
1 

1 
FUNDAMENTAL 

1 0 . 0 

111 

MODE CALCULATION, 

0 . 0 1 0 . 0 
0 . 0 1 0 . 0 

COMPOSITION 1. 

FIGURE V-5. SYN3D BCD INPUT AND INPUT INTERFACE FILES FOR THE 2ND 
SAMPLE PROBLEM. EACH INPUT FILE IS IDENTIFIED BY A 
SEQUENCE NUMBER FROM TABLE V-7 AND IS ASSIGNED A LOGICAL 
UNIT NUMBER CONSISTENT WITH TABLE V-3. THE BCD DATA CONSISTS 
OF THE SEEK INITIALIZATION CARD, A "CARDS-PEE-CARD-TYPE" 
CARD AND A SET OF TYPE-NOMBERED CARDS. 

INPUT INTERFACE FILES 

SYNS'^ LOGICAL UNIT NUMBER 11 22 39 40 41 
FILE SEQUENCE N"MBER (TABLE V-7) 10 1 17 15 16 

BCD TWPDT 

1 1 111 
2 1 1 1 1 0 1 1 

01 THREE GROUP, 2D BUCKLED PLANE (THE UNRODDED COPE PLANE FROM THE 
01 3D MODEL), HALF CORE SYMMETRY. 
02 5 1 20 2 1 
03 1.00 10.0 
04 30 60.0 
05 1 0.0 60.0 
07 RTFLUX 1 0.0 60.0 
08 UNIT 0.0 60.0 
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While of little practical interest, this sort of calculation is useful 
as a debug tool and as a consistency check between SYN3D and whatever 
diffusion theory code is used to generate expansion functions. Significant 
discn^pancies might indicate that the two codes are based on different 
finite-difference formulations. 

Sample Problem 3 

This is a calculation of the full, three-dimensional model shown in 
Fig. V-3. The approach used illustrates the way SYN3D has been used to 
calculate a variety of fast reactor models. The three-dimensional model 
is described in terms of the six, unique axial zones (reflector, blanket 
and core planes, each of which may be either rodded or unrodded). The 
six input GEODST files are sequence numbers 8-13 of Table V-7. Four 
expansion functions (sequence numbers 1-4) are provided. Two are buckled, 
eigenvalue calculations in the unrodded and rodded core planes. Two are 
from inhomogeneous calculations in the axial blankets in which the fixed 
source is the product of the expansion function associated with the 
adjacent core zone and the blanket diffusion coefficient distribution. 
Typically, the solution in the reflector is of little interest, and 
reflector expansion functions are not included. 

Figure V-6 lists the input interface files and shows the BCD input. 
The core expansion functions are used everywhere, but each blanket function 
is used only over 40% of the height of the model. It is unlikely that a 
rodded (top) blanket function could contribute significantly to the 
unrodded (bottom) axial blanket. Economies of this sort can significantly 
reduce running times with little sacrifice of accuracy. 

Appendix H-3 shows selected pages of the output for this job. The 
eigenvalue is .97506 (v. .97532 for a 3D finite-difference calculation). 
Samples of the flux, power density and zone average flux edits are included, 
as is a sample printer-plot of the contributions from each expansion 
function to the axial flux distribution (i.e. the 3D flux integrated over 
the X and y dimensions). Selective use of these plots can help identify 
poor choices of expansion functions and anomalous solutions. 

Sample Problem 4 

This last calculation is intended to illustrate some of the other 
options available in SYN3D. Figure V-7 lists the input interface files 
and shows the BCD input. The model geometry is the same as that of 
sample problem 3, but now there is a single, three-dimensional input 
GEODST file (sequence number 7 in Table V-7). At the top and bottom 
boundaries the boundary conditions are now logarithmic. The same four 
expansion functions used in problem 3 are used in problem 4, but each 
blanket function is used over half the height of the core, and the group 
3 flux of each blanket function is not used at all. Two of the four 
weighting functions are now adjoint fluxes (sequence numbers 5 and 6 in 
Table V-7), and both direct and adjoint synthesis problems are solved. 
Sample problem 4 is intended as an illustration of some of the more exotic 
options in the code and should not be taken as a recommendation. Sample 
problem 3 is a more typical example of an application of SYN3D. 
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FIGURE V-6. SYN3D BCD INPUT AND INPUT INTEBFACE FILES FOR THE 3BD 
SAMPLE PROBLEM. EACH INPUT FILE IS IDENTIFIED BY A 
SEQUENCE NUMBER FROM TABLE V-7 AND IS ASSIGNED A LOGICAL 
UNIT NUMBER CONSISTENT WITH TABLE V-3. THE BCD DATA CONSISTS 
OF THE SEEK INITIALIZATION CARD, A "CARDS-PER-CARD-TYPE" 
CARD AND A SET OF TYPE-NUMBERED CARDS. 

INPUT INTERFACE FILES 

SYN3D LOGICAL UNIT NUMBER 11 12 13 14 15 16 22 23 24 25 39 40 41 
"ILE SEQUENCE NUMBER (TABLE V-7) 8 9 10 11 12 13 1 2 3 4 17 15 16 

PCD INPUT 

1 1 1 1 1 1 1111 111 
3 1 1 1 6 0 4 0 0 0 0 0 0 0 0 1 1 0 1 0 

01 3 GPOUP, 3-DIMFNSICNAL MODEL, FLUX WEIGHTED SYNTHESIS 
01 BLANKET FUNCTIONS (3 AND 4) NOT USED EVERYWHERE 
01 3D GFOMETRY BUILT UP FROM 2D GEODST FILES 
02 10 1 ?0 1 1 
03 1.00 10 .0 
04 20 200. 0 
05 1 0. 20. 
05 2 20. 60. 
OS 3 60. 100. 
OS 4 100. 140. 
05 5 140. 180. 
05 6 180. 200. 
07 RTFLUX 1 0.0 200.0 
07 RTFLHX 2 0.0 200.0 
07 PTFLUX 3 0. 80. 
07 RTFLUX 4 120. 200. 
16 1 
17 1 2 3 
19 1 10 2 10 3 10 
21 10 
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FIGURE V - 7 . SYN3D BCD INPUT AND INPUT INTERFACE F I L E S FOR THF UTH 
SA1PLF PROBLEM. EACH INPUT P I L E I S I D E N T I F I E D BY A 
SEOUENCE NUMBER FROM TABLE V-' ' AND I S ASSIGNED A LOGICAL 
UNIT NUMBER CONSISTENT WITH TABLE V - 3 . THF BCD DATA CONSISTS 
OF THF SEEK I N I T I A L I Z A T I O N CARD, A "CARD 3 - P E R - C A R D - T Y P E " 
CARD AND A SET OF TYPE-NUMBERED CARDS. 

INPUT TNTEPFACE FILES 

SYN3D LOGICAL UNIT NUMBER 
I'TLK SFQUFNCF NUMBER (TABLE V - 7 ) 

11 22 23 24 25 32 33 39 40 41 
7 1 2 3 4 5 6 17 15 16 

BCD 

1 
01 
0 2 
0 3 
0 7 
0 7 
0 7 
07 
0 8 
0 8 
0 8 
08 
16 
17 
18 
19 
2 0 
21 

Tt^p5|T 

1 
1 1 0 0 

? TROUP, 
15 

RTFLUX 
T'T'̂ LUX 
RTFLUX 
PT'^L'^X 
ATFLUX 
ATFLUX 
P T FL U X 
RTFLUX 

0 
11 11 

4 4 0 
3-DTMENSIONAL 

2 

1 
2 
3 
4 
1 
2 
• » 

4 
S 
2 
o 

s 
S 
3 

2 0 
1 . 0 0 

3 
3 
? 
1 
1 
6 

0 
11 

0 0 
MODEL 

1 

8 
8 
9 

0 . 0 
0 . 0 
0 . 0 

1 0 0 . 0 
0 . 0 
0 . 0 
0 . 0 

1 0 0 . 0 
1 

1 
1 

12 

111 
0 0 

11 
11 
15 

0 1 

1 0 . 0 
2 0 0 . 0 
2 0 0 . 0 
1 0 0 . 0 
2 0 0 . 0 
2 0 0 . 0 
2 0 0 . 0 
1 0 0 . 0 
2 0 0 . 0 

1 

2 
2 

18 

1 1 

1 

8 
8 

2 0 

1 1 

1 

3 
3 

1 

8 
8 
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Appendix H-4 shows selected pages of output for this job. The 
eigenvalue is .97520 (vs. .97532 for a 3D finite-difference calculation). 
The input decks shown in Figs. V-1 and V-2 are set up to run this sample 
problem. 

F. Suggested Modifications to the Code 

TIMER 

TIMER is a CCCC subroutine with a variety of options for returning 
elapsed and clock time, job identification, data, etc. Every computer 
installation has its own set of FORTRAN callable system routines for 
providing some or all of this information, and so no universal TIMER can 
offer all options. The version of TIMER included in both IBM and CDC 
versions of the Code Center package returns elapsed CP time; in addition 
the IBM version returns the date and wall clock time. SYN3D uses TIMER 
to determine the time spent in the several parts of the calculation and 
to provide the date and clock time for file identification and page headers. 

SEEK Initialization 

Those installations which have their own SEEK and an established SEEK 
initialization procedure will want to make some changes in the main driver 
of SYN3D. In the Code Center SYN3D the correspondence between file name 
and logical unit number is set by the DATA statements defining the elements 
of the arrays DSNAME and NREF. The file named DSNAME(N) is assigned to 
logical unit number NREF(N). 

On the first call to SEEK (with an operation code of 3) the entire 
DSNAME array (up to the $), as well as the NREF array, is transferred to a 
table in the subroutine. Files with the same names are assigned version 
numbers in ascending order. Blank file names are ignored. Existence flags 
are initialized to 0 (the file has not been written). 

The main driver then reads the SEEK initialization card and looks for 
columns which contain a number greater than zero. It interprets column 
numbers as logical unit numbers and for a non-zero entry in a column requests 
the corresponding file name from SEEK (with an operation code of 5) . When 
it has the file name and version number it calls SEEK with an operation code 
of 1 to set the existence flag. 

Changes to any part or all of this initialization procedure can be made 
by recoding the main driver and SEEK. No other routines are affected. 

Eliminating BCD Input Data 

Some installations may prefer to run SYN3D in a mode that completely 
eliminates direct BCD card input. LASL, for example, uses a general input 
processor which converts BCD cards to binary interface files; ANL has the 
ARC System input processors SCAN and STUFF which convert BCD cards to BCD 
files. 

The first overlay in SYN3D, CARDS, reads BCD data either from the BCD 
card input file or the BCD disk file SYNFIL, depending on the value of the 
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sentinel IWHERE set in the main driver. CARDS then rewrites the input data 
to the binary file SYNCON (see the Appendix E for the file description). 
SYNCON is a binary version of the BCD card input; the data on each card is 
rewritten to an unformatted record. The user can write SYNCON outside of 
SYN3D and drop the call to CARDS from the main driver. The rest of the 
code is unaffected. 

CARDS provides one function which is lost if the overly is eliminated. 
For historical reasons, SYN3D was set up to build 3D (or 2D) geometries 
from 2D (or ID) GEODST files. After the code was written an option was 
added to permit an input 3D (or 2D) file. CARDS was coded to break up an 
input 3D (or 2D) GEODST into the required number of 2D (or ID) files and to 
create the additional, required BCD input data (cards types 4 and 5) before 
writing SYNCON. If CARDS is eliminated the user must specify 3D (or 2D) 
models in terms of 2D (or ID) GEODST files. 

Matrix Inversion and Multiplication Subroutines 

The matrix inversion routine INVERT and matrix arithmetic routine ARITH 
which are supplied with the Code Center SYN3D are coded to minimize running 
time for large problems (many groups and/or expansion functions) when the 
code is compiled under the IBM FORTRAN H Extended compiler and run on the 
370/195. There may be more efficient routines available for other computers. 

Restrictions on Problem Size in SOLVE 

It is unlikely that the problem size limitations (see Section III-G) 
will affect users who have large IBM computers; more than enough fast core 
should be available. CDC users (with a 50K core limitation), however, may 
reach the problem size limit when the number of energy groups (after group 
collapsing) times the number of expansion functions used concurrently at any 
one axial mesh interval is about 50. 

The difficulty is with the solution overlay SOLVE. As it is 
currently written SOLVE must have enough storage to keep six matrices 
in-core at the same time. These matrices are Aj^, A^, Aj^ E^, REM and 
FIS (see Eqs. (38), (39), (41), (42), (43) and Section III-D). With 
a modest investment in programming some or most of these matrices could 
be kept in LCM. 
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APPENDIX A 

Code Abstract 

1. Name or Designation - SYN3D 

2. Computer for which Program is Designed and Others upon which it 
is Operable - IBM 370/195, CDC 7600. 

3. Description of Problem or Function - SYN3D solves the direct and 
adjoint, diffusion theory, static eigenvalue equations in two and 
three dimensions. The geometries available are x-y, r-z, x-y-z 
and triangular-z. 

4. Method and Solution - SYN3D uses single-channel spatial flux synthesis 
to calculate approximate solutions to the three-dimensional (or two-
dimensional) diffusion theory difference equations. Synthesis 
expansion functions must be supplied by the user from two-dimensional 
(or one-dimensional) finite-difference calculations performed by some 
other code. SYN3D sets up the synthesis equations and solves them by 
power iteration with Wielandt acceleration. Each iteration is an 
exact inversion of the block-tridiagonal synthesis equations by 
forward-elimination, backward-substitution. 

5. Restrictions on the Complexity of the Problem - For the most part, 
SYN3D uses variably dimensioned arrays and disk scratch files to 
manage data for any size problem in the available fast core. The only 
serious limitation is on the product of the number of groups and the 
maximum number of expansion functions used at any particular axial 
elevation; for CDC users (with a 64K machine) this product is limited 
to about 50. 

6. Typical Running Time - Exclusive of the time required to generate 
expansion functions SYN3D will solve an 11-group, 12,000 mesh point 
model with two expansion functions in .9 minutes (CPU). A 28-group, 
30,000 mesh point model with three expansion functions requires 8.9 
minutes (CPU). These times are for jobs run on an IBM 370/195. For 
large problems the PP time is less than the CPU time. 

7. Unusual Features of the Program - The difference equations SYN3D 
solves are the mesh-interval-centered type. Expansion functions 
should be generated using diffusion theory codes solving the same 
equations (e.g. 2DB, CITATION, VENTURE). The code is designed with 
restart capabilities which reduce, on the average, the running times 
for individual problems when a series of similar problems is to be 
run. SYN3D requires input cross sections, expansion functions and 
geometry descriptions in the Version III formats defined by the 
Committee on Computer Code Coordination (CCCC). Special options 
include group collapsing and the use of different expansion functions 
in different axial zones of the model. 
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8. Related and Auxiliary Programs - SYN3D requires binary input files 
containing cross sections, expansion functions and geometry descriptions 
Although a small program is provided with the code to read these data 
from cards, the user may wish to use other programs which generate 
CCCC files. A finite-difference, diffusion theory program is required 
to generate expansion functions. 

9. Status -

10. References - C. H. Adams, "SYN3D - A Single-Channel, Spatial Flux 
Synthesis Code for Diffusion Theory Calculations", ANL 76-21, 
Argonne National Laboratory (1976). 

11. Machine Requirements - The code requires at least a 35 K ful'-'-̂ 'rd 
core to execute small problems and runs more efficiently with larger 
storage. SYN3D does not use BULK (IBM) or LCM (CDC) storage. 
Depending on the complexity of the problem, SYN3D may require up to 
45 logical units. 

12. Programming Language Used - FORTRAN IV. Both IBM and CDC version of 
SYN3D contain a few routines written in assembler language. 

13. Operating System or Monitor under which Program is Executed - The 
IBM version of SYN3D has been compiled and executed under 05-370 with 
the FORTRAN H Extended compiler. The CDC SYN3D has been compiled and 
executed at Berkeley Laboratory under the COKE System with the FORTRAN 
FTN4.5 compiler. 

14. Any Other Programming or Operating Information or Restrictions -

15. Name and Establishment of Author -

C. H. Adams 

Applied Physics Division 
Argonne National Laboratory 
Argonne, Illinois 60439 

16. Material Available - Separate tapes are available for the IBM and 
CDC versions of SYN3D. The SYN3D package includes: 

Source decks for SYN3D and auxiliary input program. 
Input for sample problems. 
Reference report. 

17. Category 

Keywords - two-dimensional, three-dimensional, diffusion equations, 
synthesis, x-y, r-z, x-y-z, triangular-z. 
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APPENDIX B. S T P 0 1 8 - THE ARC SYSTEM STANDARD PATH FOR SYN3D. 

'^OUBL^ P R E C I S I O N DSNAME 
REAL*8 STFNAM, BLKNAM 
REAL*8 G N I P , GEOM, CHANGE, BC, XSCMTN, XNHOMG, HOMOG, SYN3D, 

1 SYNBLK, T R G N I P , A N I P , X, COMPXS 
COMflON / STFSRC / STFNAM, BLKNAM ( 5 0 ) , IBLTAB ( 3 , 50) , NBLOCK, N5ET 
COMMON / lOPUT / NTN, NOUT, N0nT2 
DIMENSION DSNAHE(87) 
DATA DSNAME / eHG^ilOMOl, 6HGEOM02, 6HGEOM03, 6HGFOM0U, 6HnEOM05, 

1 6 7 G " O M 0 6 , 6HGEOM07, 6HGEOM0S, 6HGEOM09, 6HGEOM10, 
2 6 H G E O n 0 1 , 6HGEOD02, 6HGEOD03, 6HGEOD04, 6HGEOD05, 6HGEOD06, 
3 6HGFOD07 , 6HGEOD08, 6HGEOD09, 6 H G E O r i O , 
4 4 H 3 C 0 1 , 4 H B C 0 2 , 4 H B C 0 3 , UHBCGU, 4HBC0B, - 4 H B C 0 6 , 4 H B C 0 7 , 
5 4 U B C 0 8 , 4 H B C 0 9 , 4H3C10 , 
6 6 I 1 F L U X 0 1 , 6 H F L U y 0 2 , 6 H F L U X 0 3 , 6 H F L U X 0 4 , 6HFLUX0S, firIFLnX06, 
7 6HT^^'TX07, 6 H F L n x 0 8 , 6 H F L n X 0 9 , e H F L U X I O , 6 H F T F L 0 1 , 6 H R T F L 0 2 , 
8 6 H ' ? T P I 0 3 , 6 H R T F L 0 4 , 6» 'RTFT,05, 6 H R T F L 0 6 , 6 H R T F L n 7 , 6 H P T F L 0 B , 
9 e K F ^ F L O g , 5 H R T F L 1 0 , 6 H S Y N F I L , 6HC0MPXS, 6HRE0'='LX, 6HRBQXSr , 
1 6 H I M T T C 1 , 6 H I N T T C 2 , 8HXS. C . M I N , 6 H V 0 L I N 1 , 6 H V C L I N ' ' , 6 H p - ^ F I N 1 , 
2 6 H D I F T N 2 , 6 H I N T G L S , 5HHFTLS, 6HDCC0FF, 6HACC0EF, 4HGR0M, 
3 5 H A . N I P , 2 H P C , 6 H X S . I S 0 , 7 H B . U 0 H 0 G , 7 P X S . I S C 2 , 6 H S C R 0 0 1 , 
4 6 H S C R 0 0 2 , 7 H 3 P . C I C N , 7 H S P . C R I T , 8 H X S . C . A U 1 , 6 H S C R 0 0 3 , 
5 PHXS.M.A.nX, 8 F X S . M . M I N , 6HSYNC0N, 6HATFLUX, 6HP'-TDINT, 
6 6HR7,T^Lnx, 6 H I S 0 T X S , eHNDXSRF, 6HZNATDN, 1 H$ / 

C 
DIMENSION I S C R ( 5 0 ) 
DATA ISCR / 5 0 * 0 / 
DATA ' T N I P / 6 H N U I 0 0 2 / , GE0M/4HGE0M/ , CH A NGE/6 HCH A N G F / , BC/2H '^C / 
DATA X ^ C M I N / R H X S . C . M I N / , XNH0MG/6HNUIOO1/ , H 0 M 0 G / 6 H N U C O 0 1 / , 

1 S Y N 3 D / 6 U N n c 0 1 2 / , T R G N T P / 6 H N U T 0 0 4 / , A N T P / 5 H A . ^ T P / 
DA"'A COMPXS/ f iHCOrPXS/ , S YNBIK/SHSYN3D/ 

C 
SnO FORMAT ( A 3 , 2 1 5 ) 
5 0 1 FORMAT(16TS) 

C 
C LOO'^ OV^R A . N I P DATA S E T S . 
r 

T0 = 0 
T1=1 
T2=2 
MIN = S 
N0UT=6 
VOnT2=0 
N=1 
T R V= 1 
CALL LOAn( < S N I " F " ) 
CALL S N I F F (D'^NAME,^, IRV) 
CALL SCAN 
L=n 
K=2 0 

2 CONTIWUF 
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APPENDIX B. S T P 0 1 8 . CONTINUFT 

STFNAH=GEOH 
CALL STUFF 
TF( NRET.LE.O ) GO TO 1 0 
L=L+1 
K=K+1 

C 
C CREATE' A MACROSCOPIC 
C NONE EXISTS. ICALL=4 

CROSS SECTION FILE ON THE FIRST LOOP IF 
FOR NO OUTPUT, ICALL=1 FOR OUT^"T. 

ICALL=4 
•̂ F ( L. GT. 1 ) GO TO 4 
CALL SNTFF( COMPXS, NXS, 
TF ( NXS.GT.O ) GO TO 4 
CALL S N I F F ( XSCMTN, NXS, 
TF ( NXS.GT.O ) GO TO 4 
TXS=1 
CALL LINK (XNVOHG) 
CALL LTNK( HOMOG, ICALL, 

c 
C CREATE 
C 

4 CONT 
CALL 
I F ( 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
CALL 
TF ( ! 

GEOM AND BC F I L E S . 

TNUE 
SNJT'F ( 

J . G T . O ] 
S N I F F ( 
S N I F F ( 
S N I F F ( 
SNTFF ( 
S U I F F ( 
S NTFF ( 
SNTFF ( 
SMTFF( 
SNI^F ( 

DSNAME(L), 
1 GO TO 2 

J, 

GEOM, I , 11 ) 
DSNA'IE(L) , 
CHANGE, I , 

J , 
T̂) 

GEOM, T, 12) 
BC, T, 11) 
D S N A ^ F ( K ) , 
CHANGE, I , 
RC, I , 12 ) 
ANIP, KTp, 

^ T " . L E . 0 ) GO TO 2 
READ(NTP,50n) Y,«jpF,c 
R E A D ( N I P , 5 0 1 ) ( I S C R ( I ) , 
RF''IND NIP 
IP ( TSCP (29) 
CALL 

.EO.O ) 1 0 
LINK C^PGNIP) 

6 CONTINUE 
CALL 
C»LL 
CALL 
CALL 
CALL 
CALL 
CALL 
CAT L 
C»LL 

LINK (GNIP,T) 
SNTFF( 
SNTFF( 
SNTT='F ( 
S N I F F ( 
SNIFF ( 
= : N I F F ( 

'̂ ^NTi'F ( 
S N T ' ' F ( 

GO TO '' 

J, 
.7) 

TO 

, 1= 

TO 

GEO", T, 11) 
DSNA'^F(L) , 
CHANGE, I , 

>-> 

1) 
GEOM, I , 12) 
PC, I , T l ) 
DSNAME(K), 
CHANGE, I , 
BC, T, 1 2 ) 

J, 
J) 

TO) 

10) 

TO, TO, 1 0 , IXS) 

TO) 

11) 

I D 

1 ,N'»Fr) 

^1) 

T l ) 
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APPENDIX B. S T P 0 1 8 . C0NTIN1ED. 

C 
C LINK TO SYN3D. 
C 

10 CONTINUE 
STFNAM=SYNBLK 
CALL STUFF 
I F ( NRET.LE.O ) GO TO 1 0 0 
CALL LINK(SYN3D) 
GO TO 10 

1 0 0 RETURN 
END 
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APPENDIX C. ARCSP018 - THE ARC SYSTEM CATALOGUED PROCEDURE FOR SYN3D. 

//ARCSP018 

// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 
// 

PROC ACCOEF='&ACCOEF',ACCDSP=« (NEW,DELFTE)•,ACCVOL=, 
BC31='&BC0 1 ' ,PC0 2='F,BC0 2' , PC03 = 
BC0 4=»f-BC0 4 •,BC05='8BC0 5' ,BC06 = 
BC0 7=«RBCn7»,BC08='SBC08',BC09= 
BCDSP01= 
BCDSP02^ 
BCDSP04= 
BCnSP0 6= 
BCDSP08= 
BCVOL01= 
BCVOL06= 
C0MPXS1= 
CXSDISP= 
CXSBLK1= 

(NEW,DELF'^E) 
(NEW, DELETE) 
(NEW,DELETE) 
(NEW,DELETE) 
(NEW,DELETE) 

, B C D S P 1 0 = 
, B C D S P 0 3 = 

R B C O ^ ' , 
6 B C 0 6 ' , 
R B C 0 9 ' , B C 1 0 = 
(NEW,DELETE) 
(NEW,DELETE) 
(NFV,DELETE) 
(NEW,DELETE) 
(NEW,DELETE) 

' S 

BCDSPOS= 
BCDSO07= 

• , B C D S P 0 9 = 
PCVOL02=,BCVOL03=,BCVOL0 4=,BCVOL0 5 = , 
B C V O L 0 7 = , B C V O L 0 8 = , B C V O L 0 9 = , B C V 0 L 1 0 = , 
f>XSCMTN1',COMPXS2 = ' & X S C M I N 2 ' , 

' ( N E W , D E L E T E ) • , C X S V O L M = , 
1 0 2 8 , C X S B L K 2 = 6 1 3 6 , 

BCIO 

DCCOEF^T.DCCOEF' ,DCCDSP=« (NEW,DELETE) ' ,DCCVOL=, 
DIFTNT1 = NULLFTLF, r ' 1PDEST=F , 
D»1TV0L1 = 
0 I F I N T ' ? = 
FLDSP01= 
FLDS ' ' 02 = 
FLDSP04= 
FLDSP06= 
FLnsPOfl= 
FLDSP10= 
FLUX01=N 
FLUX04=N 
FLUX07=N 
FLUX10=N 
FLVCL01 = 
FLVOL06= 
FULLBLK= 
GFDSPO1= 
GEDSF02= 
GEDSP04= 
GEDSP06= 
GEDSP0R= 
GFOM01=' 
GFOM04 =• 

DNTDSP1= ' (OLD,KEEP) ' , 
F.DTFTNT2' , DNT V0L2 = , DN TDS P2 

r 

' , F L D S P 0 3 = ' (OLD, KEEP) 
• , F I DSrOS = » ( O L r , K F E P ) 
' , F L D S P 0 7 = « (OLD, KEEP) 
' , ? I P S P 0 f 1 = ' (OLTi,K"EP) 

(NEW, DELETE) 
(OLD,KEEP) 
(OLD,KEEP) 
(0LD,KEFO) 
(OLD, KEEP) 
(OLD,KEEP) 
( O L D , K E E P ) • , 

U L L F I L S , F L n x 0 2 = N U L L F I L E , F L U X 0 3 = N U L L F I L E , 
L L F I L E , F L U X 0 5 = N U I L F I L E , F L n x O ' : = N n L L ^ I L E , 

U L L F I L E , F L U X 0 9 = NULLFILE, FLDX0<1 = N HLLFIL E , 
L L F I L E , 
FLVCL02= ,FLVOL03= ,FLVOL04= , '= 'LVOL0S = 
FLVCL07 = ,FLVOL08 = , F L V O L 0 Q = , F L V O L n = 
2 2 8 0 , 

, G F D S P 1 0 = ' 
, G E P S P 0 3 = ' 
, G F D S P 0 5 = ' 
,GEDSP07=« 

CEDSPOq=' 
GEO'102 = ' 6GFO '^02 ' 
GEOM05=« TGEOMOS' 

(NEW,DELETE) 
(NEW, DELFT ' ) 
(NEV,DELETE) 
(NEM,DFLFTE) 
(NEW, DELETE) 

RGECMOI' 
GEOM04' 

(NEV,DELE'^'^) 
(NE»!,P ELFTE) 
( N E « , D E I E T F ) 
(NF •;, DELSTF) 
(NEW,PSLETF) 

GFOH03= ' f ,GEOM03 ' 
C E 0 1 0 6 = ' •• 3^o"!n6« 

GEOM07='6GEOM07' , GEOM08= ' F GEOM 0 8 • , G E O M 0 ^ = ' 6 n F ; c i ' ^ ' ^ ' , 
G E O M 1 0 = ' 5 G F C M 1 0 ' , G E V O L C 1 = , G E V O L 0 2 = , G E V O L 0 3 = , G E V O L 0 4 = , 
G E V O L 0 5 = , G E V O L 0 6 = , G E V O L 0 7 = , G F V C L 0 8 = , G F V O L 0 9 = , G F V O L 1 0 = 
H A L F P L K = 6 1 3 6 , 
I S n T X S = NULLFTLF,TSODSP= ' (OLD,KEEP) • , I S O V O L = , 
INTTOC1=NULLFILE,TNTT0C2 = » 6 I N T T 0 C 2 ' , 
L T B B L K 2 = 1 2 2 8 0 , 
MICRXS1=NULLFTLF,MICRXS2=NULLFILF ,MTCRV0l^ , 
N D X S R F = N U L L F T L E , N D X D S P = ' ( O L D , K E E P ) • , N D X V O L - , 
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APPENDIX C. A R C S P 0 1 8 . CONTINUED. 

/ / P A T H = S T P 0 1 8 , 
/ / P 0 S T I I B = ' S Y S 1 . D D M M Y L I B ' , P P E L I B = ' S Y S 1 . D O M M Y L I B ' , 
/ / Q R T R B L K = 3 0 6 4 , 
/ / T I M L I M = ' ( 6 0 0 , 0 ) • , 
// T0CDSP1=' (OLD,KEEP) • ,T0CDSP2 = ' (NEW,DELETE) • , 
// T0CVCL1=,T0CV0L2=, 
/ / UNITS=BATCHDSK, 
// V0LTNT1 = NDLLFILE,VNTV0L1=,VNTPSP1 = ' (OLD,KEEP) •, 
// VOLINT2='&^CLTNT2', VNTVOL2 = ,VNTDSP2 = ' (NEW,DELETF;) I, 
/ / ZNATDN=NaLLFILE,ZNADSP=« (OLD,KEEP) •,ZNAVOL= 

/ / * 
/ / * :t<4:**** l i e * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * **:4<**«4<* « * * * « * * * * * * * * > ( < * * * 

/ / * * * 
/ / * * CATALOGUED PROCEDURE FOP SYN3D FLUX * 
/ / * * SYNTHESIS CALCULATION * 
/ / * * * 

/ / * 
/ / * SYMBOLIC PARAMETERS 
/ / * 
/ / * PARAMETER DEFAULT VALUE USAGE 
/ / * = = = = = = = = = = = = = = = = = = = = = = ===== 
/ / * 
//* ACCOEF &ACCOEF DSN OF ACCOEF FILE 
//* ACCnSP (NEW,DELETE) DISPOSITION OF ACCOEF 
//* ACCVOL VOLUME FOE ACCOEF 
//* BCOl- SBC01- DSN OF BC FILFS 
//* BCIO &BC10 
//* BCDSPOl- (NEW,DELETE) DISPOSITION OF BC FILES 
//* BCDSPIO 
//* BCVOLOl- VOLUMES FOE BC FILES 
//* BCVOLIO 
/ / * C0MPXS1 f-XSCMTNl DSN OF X S . C . M I N F I L E 1 
/ / * COMPXS? &XSCMIN2 DSN OE X S . C . M I N F I L F 2 
/ / * CXSDTSP (NEW,DELETE) D I S P O S I T I O N OF X S . C . M I N 
/ / * CXSVOLM VOLUME FOR X S . C . M I N 
/ / * CXSBLK1 1 0 2 8 BIKSTZE FOR X S . C . M I N F ILE 1 
/ / * CXSBLK2 6 1 3 6 BLKSIZE FOR X S . C . M I N ^ I L E 2 
/ / * DCCDSP (NEW,DELETE) D I S P O S I T I O N OF DCCOEF 
/ / * DCCOEF &DCCOEF DSN OF DCCOEF F I L E 
/ / * DCC^'OL VOLUME FOE DCCOEF 
/ / * D I F I N T I NULLFILE DSN OF INPUT D I F I N T F I L E 
/ / * DTFTNT2 F.DTEINT2 DSN OF OUTPUT D I F I N T FILE 
/ / * DMPDEST F ROUTE DUMP TO FTCHE 
/ / * DNTDSPl (OLD, KEEP) DISPOSITOON OF INPUT DTFIN-^ 
/ / * DNTDSP2 (NEV,DELETE) D I S P O S I T I O N OF OUTPUT D I F I N T 
/ / * DNTV0L1 VOLUME FOR INPUT D I F T N T 
/ / * nNTV0L2 VOLUME FOR OUTPUT CTFINT 
/ / * F L D S P O l - ( O I D , K E E P ) D I S P O S I T I O N OF INPUT FLUXES 
/ / * FLDSPIO 
/ / * F L U X O l - NULLFILE DSN OF INPUT FLUX F I L E S 
/ / * FLUX 10 

FTNN001 

75 
75 
75 

3 1 - 4 0 

3 1 - 4 0 

3 1 - 4 0 

67 
6 7 
6 7 
6 7 
67 
6 7 
74 
74 
7 4 
7 0 
7 1 

SYSUDUMP 
7 0 
7 1 
7 0 
7 1 

4 1 - 5 0 

4 1 - 5 0 



74 

APPENDIX C. ARCSP018. C0NTIN3ED. 

/ / * FLVOLOl- VOLUMES FOP INPUT FLUXES 4 1 - 5 0 
/ / • FLVOLIO 
/ / * FULLBLK 1 2 2 8 0 FULL TRACK BLKSIZE 
/ / * GEDSPOl- (NEW,DELETE) DISPOSITION OF GFOM FILES 1 1 - 2 0 
/ / * GEDSPIO 
/ / * GEOMOl- &GFOH01 DSN OF GEOM FILES ' 1 1 - 2 0 
/ / * GEOMIO F.GEOM10 
/ / * GKVOL01- VOLUMES FOR GEOM FILES 1 1 - 2 0 
/ / * GFVOL10 
/ / • HALFBLK 6 1 3 6 HALF TRACK BLKSIZE 
/ / * TNTT0C1 NULLFILE DSN OF INPUT INTTOC FILE 6 5 
/ / • TNTT0C2 SINTT0C2 DSN OF OUTPUT INTTOC FILE 6 6 
/ / * TSODSP (OLD,KEEP) DISPOSITION OF INPUT ISOTXS 94 
/ / * ISOTXS NULLFILE DSN OF INPUT ISOTXS 94 
/ / • TSOVOL VOLUME FOR ISOTXS 94 
/ / * LIBBLK2 1 2 2 3 0 ELKSTZE, OUTPUT DIFINT f, VOLANT 6 9 , 7 1 
/ / * MICRXSl NULLFILE DSN OF X S . I S O FILE 1 7 9 
/ / * MICRXS2 NULLFILE DSN OF X S . I S O FILF 2 7 9 
/ / * MTCRVOL VOLUME FOR X S . I S O 7 9 
/ / * NDXDSP (OLD, KEEP) DISPOSITION OF INPUT NDXSRF 95 
/ / * NDXSRF NULLFILE DSN OF INPUT NDXSRF 9S 
/ / • NDXVOL VOLUME FOR NDXSf<F 9 5 
/ / * "ATH STP018 PROGRAM NAME EXEC 
/ / * POSTLTB SYS1.DUMMYLIB ADDITIONAL LIBRARY DSN ST5PLTE 
/ / * '^RELIB SYS1 . DUMMYLIB ADDITIONAL LIBRARY DSN S T E P I I B 
/ / * QRTRBLK 3 0 6 4 QUARTER TRACK BLKSIZE 
/ / * TIMLT" ( 6 0 0 , 0 ) STEP TIME LIMIT EXEC 
/ / * TOCDSPl (OLD,KEEP) DISPOSITION OF IMPn^ T N T T O C 6 5 
/ / * T0CDSP2 (NF'J,DELETE) DISPOSITION OF OUTPUT T ( J T T O C 6 6 
/ / * TOCVOLl VOLUME FOR INPUT INTTOC 6 5 
/ /=* T0CV0L2 VOLnME FOR OUTPUT INTTOC 66 
/ / * UNTTS BATCHDSK DEFAULT UNIT P A P A M F ' ^ E R 
/ / * VNTDSPl (OLD, KEEP) DISPOSITION OF INPUT VOLIN-^ 6 8 
/ / • VNTD5P2 (NEW,DELETE) DISPOSITION OF OUTPU"^ VOL^N'^ 6 9 
/ / * VNTVOLl VOLUME FOR INPUT V O L T V T 6 8 
/ / * VNTV0L2 VOLUME FOR OUTPU"^ VOLINT f, g 
/ / * VOLINTl NULLFILE DSN OF INPUT VOLINT FILF 6 8 
/ / * V0LINT2 6V0LTNT2 DSN OF OUTPUT VOL'̂ N'̂  FILE 6 9 
/ / * ZNATDN NULLFILE DSN OF INPUT ?.NA'̂ DN 96 
/ / * 7NAV0L VOLUME FOR ZNATDN 96 
/ / * ZNADSP (OLD,KEEP) DISPOSITION OF INPUT ZNATDN 96 
/ / * 

/ / * 
/ / G O FYEC PG1=SPATH,TIME=F,TIMLTM 
/ / S T E P L I B DD DSN = F,'"'ELIB,DISP=SHR 
/ / DD D S N = C 1 1 6 . B 2 1 0 0 6 . M O D L I P , D I S P = S H R 
/ / DD DSN=C116.ARC.MODLIB,DTSP=SHR 
/ / DD DSN=SPOSTLIB,DISO=SHR 
/ / F T 0 S F 0 0 1 DD DDNAME=SYSTN 
/ / F T 0 6 F 0 0 1 DD SYSOUT=A 
//SYSUDU*"? DD SYSOUT^&DMPDEST 
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/ / F T 0 9 F 0 0 1 DP UNIT = 2 3 1 4 , S P A C E = (CYL, ( 1 , 1 ) ) , 
/ / DCB= ( R E C F M = V E S , L R E C L - 8 4 , B L K S I Z E = 3 3 6 4 ) 
/ / F T 1 1 F 0 0 1 DD DSN = RGEO'101 , VOL=SER=SGEVOL01,DTSP=&GEDSP01 , 
/ / U N I T = F U N T T S , S P A C E = ( C Y L , ( 1 , 1 ) ) , 
/ / DCB= (PECFM = VBS,LRECL=X,BLKSIZE=&HALFPLK) 
/ / * F I L E S 11 THRU 20 ARE GEOM F I L E S 
/ / F T 1 2 ' = ' O 0 1 DD DSN=&GFOM02, VOL = S E P = F . G E V O L 0 2 , D I S P = 8 G E D S P 0 2 , 
/ / U N I T = 5 U N I T S , S P A C E = (CYL, ( 1 , 1 ) ) , 
/ / DCB= (T?FCFM=V3S,LRECL=X,BLKSIZE=SHALFBLK) 
/ / F T 1 3 F 0 0 1 DD DSN^&GEOMO^,VOL=SER=5GEVOL03 ,DISP=RGFDSP03 , 
/ / U N I T = 8 U N I T S , S P A C E = (CYL, ( 1 , 1 ) ) , 
/ / DCB= (RECFM=VBS,LFSCL=X,BLKSIZE=f .HALFBLK) 
/ / F T 1 4 ^ 0 0 1 DD DSN=F,GFOM04 , VOL=SE ' '=* iGEVOL04 ,DISP=SGEDSP04 , 
/ / n N I T = E U N I T S , S P A C E = (CYL, ( 1 , 1 ) ) , 
/ / DCB= (PECFM = VBS , LRKC1 = X ,P LKSTZE=f.H ALFBLK) 
/ / F T 1 5 F 0 0 1 DD D S N = S G E O M 0 5 , V O L = S E E = S G E V C L 0 5 , P I S P = 8 G F D S 9 0 S , 
/ / UNTT=<>UNITS,SPACE= (CYL, ( 1 , 1 ) ) , 
// DCB= (RECFM=Vt^S,LRECL = X,BLKSIZE=f.HALFBLK) 
/ / F T 1 S F 0 0 1 p p DSN=&GFOMP6,VOL=SER=F,GEVOL06,DISP=&GEPSP06, 
/ / UNIT = SUNTTS,SPACE= (CYL, ( 1 , 1 ) ) , 
/ / DCB=(FECFM=VBS,LRECI=X,BLKSTZS=&HALFBLK) 
/ / r T 1 7 F 0 0 1 DD DSN=F,GEOM0' ' ,VOL=SER=&GEVOL07,DISP=FrGEDSP07, 
/ / UNIT=5UNTTS,SPACE= (CYL, ( 1 , 1 ) ) , 
/ / DCB=(RECFM=VB3,LRFCL=X,DLKSIZE=&HALFBLK) 
/ / F - ^ I B F Q O I DD DSN = SGEOM08, VOL = SFR=F,GEVCL08,DISP = & G E P S P 0 8 , 
/ / U N I T = & U N I T S , SPACED (CYL, (1 , 1 ) ) , 
/ / DCB= (RECF'«=VBS,LRECL=X,ELKSIZE=BHALFBLK) 
/ / F T 1 9 F 0 0 1 PD DSN=5GEOM09, VOL=SFR=.SGEVOL09,DTSP=SGFDSP09, 
/ / UNIT = F,UNTTS,SPACE= (CYL, ( 1 , 1 ) ) , 
/ / DCB= (RECFM=VBS,LRFCL=X,BLKSIZE=&HALFBLK) 
/ / F T 2 0 F 0 0 1 OD D S N = S G F O M 1 0 , V O L = S E R = S G E V O L 1 0 , D I S P = 6 G F D S r i 0 , 
/ / nNIT = F ,nNITS ,SPAC^= (CYL, ( 1 , 1 ) ) , 
/ / DCB=(RECFM=VBS,LRECI=X,BIKSTZE-&HALFBLK) 
/ / * F I L E S 11 THRU 20 ARE GEOM F I L E S 
/ / F T 2 1 F 0 0 1 DD DSN=SGEODSO1,DISP= (NEW,DFLETE) , S P A C E = ( C Y L , (1 
/ / DCB=(RECFM=VBS,LRECL=X,BLKSIZE=&HALFBLK) ,aNIT=SASCR 
/ / * FTL'^'S 21 THRU TO AR^ CCCC GEODST F I L E S 
/ / F T 2 2 F 0 0 1 DD OS N = F T G E O D S 0 2 , DI SP= ( N EH , DELETE) , SP ACE= (CYI , (1 
/ / DCB=(RFCFM=VBS,LRECL=X,BLKSTZF=&HALFBLK),UNIT=SASCR 
/ / F T ? 3 F 0 0 1 DD PSN=eGEODSO 3 , D T S P = (NEW,DELFTF) ,SPACE= (CYL, (1 
/ / DCB= (RECFM=VBS,LRECI=X,BLKSTZE=eHALFBLK) ,UNIT=SASCR 
//FT24F001 DD DSN=RGEOPS04,DISP= (NEW,DELETF) ,SPACE=(CYL, (1 
/ / D C B = ( R E C F M ^ V B S , L R E C L = X , E L K S I Z E = & H P L F B L K ) , U N I T = S A S r P 
/ / F T 2 5 F 0 0 1 DD P S N = F G E O D S 0 S , D I S P = (NEW, DELETE) ,SPACE= (CYL, (1 
/ / DCB=(RECFM = V3S ,LRECI=y ,BLKSTZE=&HALFBLK) ,UNTT=SASCR 
/ / F T 2 6 F 0 0 1 DP P S N = e G E O D S 0 6 , DTSP= (NEW, DFI'^TE) ,SFACE= (CYL, (1 
/ / PCB= (BECFM=VBS , L R E C T = X , P L K S I Z E = F T H A L F B L K ) , U N I T = S A S C R 
/ / F T 2 7 F 0 0 1 DD D S N = 6 G E O D S 0 7 , D T S F = (NEW,DELETE) ,SPACE= (CYL, (1 
// DCB= (RECFM=V3S,LRECL=X , BLKSTZ F=&HALFBLK) ,nNIT=SASC-' 
//FT23F001 DD PSN= BGEO'̂  SO 8 , DTSP= (NE'/I, DELETE) ,SPACF= (CYL, (1 
// DCB= (FECF'i=VBS,LRFCL=X,BlKSTZE=FHALFPLK) ,UNIT=SASC'' 
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/ / F T 2 9 F 0 0 1 PD DSN=SGEODS09,DISP= (NEW,DELETE) ,SPACE= (CYL, (1 , 1 ) ) , 
/ / DCB=(RECFM=VBS,LRECL = X,BLKSIZE=&HALFBLK) ,UNIT=SASCR 
/ / F T 3 0 F 0 0 1 DD DSN=6GE0DS10 ,DISP= (NEW,DELETE),SPACE= (CYL, ( 1 , 1 ) ) , 
/ / DCB= (RECFM = 7BS,LRECL=X,BLKSTZE=6HALEBLK) ,UNIT=SASCR 
/ / • FILES 21 THRU 30 ARE CCCC GEODST FILFS 
/ / F T 3 1 F 0 0 1 DD DSN=6BC01,VOL=SER=&BCVOL01,DISP=6BCDSP01, 
/ / DNIT=SUNITS,SPACE= (TRK, ( 1 , 1 ) ) , 
/ / DCB=(RECFM=VBS,LRECL=X,BLK3IZF=304) 
/ / * FILES 31 THRU UO ARE THE BC FILES ASSOCIATED WITH THE GEOM 
/ / * FILES ( 1 1 THRU 2 0) 
/ / F T 3 2 F 0 0 1 DD DSN=SBC02,VOL=SER=6BCVOL02,DISP=&BCDSP02, 
/ / UNIT=SUNITS,SPACE= (IRK, ( 1 , 1 ) ) , 
/ / DCB=(RECFM=VBS,LRECL=X,PLKSIZE=304) 
/ / F T 3 3 F 0 0 1 DD DSN=PBC03,VOL=SER=SBCVOL03,PTSP=SBCDSP03, 
// UNTT=5UNITS,SPACE= (TRK, (1 ,1)) , 
// DCB=(PECFH=VBS,LRECL=r,BLKSIZR=304) 
//FT34F001 DD DSN=KBC04,VOL=SER=GBCVOL04,DISP=6BCDSP04, 
// UNTT=5UNITS,SPACE= (TPK, (1,1)) , 
// DCB=(RECFM=VBS,LRECI=X,BLKSIZE=30U) 
/ / F T 3 5 F 0 0 1 DD PSN = R BC05 ,VOL = SER = fiBCVOL05, DISP=F.BCDSP05 , 
/ / UNIT=&UNITS,SPACE= (TRK, ( 1 , 1 ) ) , 
/ / DCB=(RECFM=V3S,LREC1=X,BLKSTZE=304) 
/ / F T 3 6 E 0 O 1 DD DSN=&BC06,VOL=SER=&BCVOL06,DISP=6BCDSP06, 
/ / UNT"=50NIT3,SPACE= (TRK, ( 1 , 1 ) ) , 
/ / DCB=(RECFM=VBS,LRECL=X,BLKSIZE=304) 
//FT^7F001 DD DSN= PBC07 , V OL = SER=r.BCVOL07 , DISP=6 BCDSP07, 
// UNIT = F-nNTT3,SPACF= (TRK, (1,1)) , 
// DCB= (RECFM=VBS,LPECL=X,BLKSIZE=304) 
/ / F T 3 3 F 0 0 1 DD DSN= F,BC08 ,VOL = SER=8BCVOL08 , DISP=&BCDSP08 , 
/ / UNTT=eUNITS,SPACED (TRK, ( 1 , 1 ) ) , 
/ / DCB=(RECFM=VBS,LRECL=X,BLKSTZE=304) 
/ / E T 3 9 F 0 0 1 DD D3 N=RBC09 , VOL = SER=F,ECVOL09, DISP = SBCD3'309, 
/ / UNTT=FUNITS,SPACE= (TRK, ( 1 , 1 ) ) , 
/ / DCB=(PECFM=VBS,LRECL=X,BLKSIZE=304) 
/ / F T 4 0 F 0 0 1 DD DS N=PBC1 0 ,V 0L = 3ER = F, BCVOL 10 , DISP = 6BCDSP1 0 , 
/ / UNIT=8UNITS, SPACE- (TRK, ( 1 , 1 ) ) , 
/ / DCB=(RECFM=VBS,LRECI=X,BLKSIZE=304) 
//* FILES 31 THRU 40 ARE T^E BC FILES ASSOCIATED WITH THF GEOM 
//* FILES (11 THRU 20) 
/ / F T 4 1F001 DD DSN = r.FLUX01 , UNT T= SUNITS , V0L = SER=6FL VOLO 1, DTSP=SFLDS P" 1 
/ / • FILES 41 THRU 50 ARE INPUT F R . D 2 , F A . D 2 , F R . D l AND F A . D l FILFS 
/ / F T 4 2 ' 0 0 1 DD DSN=SFLUX 02 , UNIT = F, UNITS , VOL = S ER = 5FLVOL02 , DIS P^SFLDSPf^ 2 
/ / F T 4 3F00 1 DD DSN=&FLUX03 , U NIT = 6U KITS , VOL = SER=e F L V O L O 3 , PIS P=F. FLDS ?0 3 
/ / F T 4 4 F 0 0 1 DD DSN=SFLUX04 , UNTT^ F,UNTTS , V0L = SER = 5FL VOLO 4 , DTSP= S ELDS P0 4 
/ / F T 4 5 F 0 0 1 DD DSN=FFLUX05 , UNIT=F, UNITS , VOL = S FP=6FLVOL05, PI S P=SFI P 3 P 0 5 
/ / F T 4 6 F 0 0 1 DD DSN=6FLUX06 , UNTT=SU N T T S , VOL = SER=e FLVOL06 , DTS P=F, FLDS POc 
/ / F T 4 7 F 0 0 1 DD DSN=5FLnx07 , ONTT= RUNTTS , VOL = SER = fFL VOL0 7 , PISP=«'FLDSP07 
/ /FTt jqFOOl DD DSN = F.FLUX0R , 0NIT=8UNITS , VOL =S ER = eFLVCL08 , P I S P= F-FLDS "''t 3 
/ / F T 4 9F00 1 DD DS N= FFLUX QQ , U NIT=G UNITS , VOL=S LP = 6FIVOL0<^, n i<:;o=<-, FLOS PO^ 
/ / F T 5 0 F 0 0 1 DD DSN= 5FLUX 10 , UNIT^FU NITS , VOL=S ER=8 FLVOL 1 0 , PTS P=''. FL^'s P 1 0 
/ / • F^LES 41 THRU SO ARE INPUT F R . D 2 , ^P..Vi2, F R . D l »ND F A . D l F T L F S 
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/ / F T 5 1 F 0 0 1 DD D S N = & R T F L 0 1 , D N I T = S A S C R , D I S P = ( N E W , D E L E T E ) , 
/ / SOACE= (CYL, ( 1 , 1 ) ) , D C B = ( E E C F ' i = VBS,LPECL=X,BLKSIZE=5HALFBLK) 
/ / * F I L E S 51 THRU 6 0 ARE CCCC RTFLUX AND ATFLUX F I L E S 
/ / F T 5 2 F 0 0 1 DE D S N = 6 R T F L 0 2 , U N I T = S A S C R , D T S P = ( N E W , D E I E T E ) , 
/ / SPACE= (CYL, ( 1 , 1 ) ) , D C B = (RECFM=VBS,LRECL=X,BLKSIZE=&HALFBLK) 
/ / F T 5 3 F 0 0 1 DD D S N = S R T F L 0 3 , U N I T = S A S C R , D I S P = ( N E W , D E L E T E ) , 
/ / S P A C E = ( C Y L , ( 1 , 1 ) ) , D C B = ( R E C F M = V B S , L R E C L = X , B L K S I Z E = & H A L ' B L K ) 
/ / F T 5 4 F 0 0 1 DD D S N = 5 R T F L 0 U , U N I T = S A S C R , D I S P = (NEW,DELETE) , 
// SPACE=(CYL,(1,1)),DCB=(RECFM=VBS,LRECL=X,BLKSIZE=&HALFBLK) 
//FTS5F001 DD DSN = &RTFL05,UNTT=SASCR,DISP=(NEW,DELETE) , 
// SPACE=(CYL,(1,1)),DCB=(RECFM=VES,LRECL=X,BLKSTZE=&H»LFBLK) 
/ / F T 5 6 F 0 0 1 DD D S N = 6 R T F L 0 6 , U N I T = S A S C R , D I S P = ( N E W , D E L E T E ) , 
/ / S P A C E = ( C Y L , ( 1 , 1 ) ) , D C B = ( R E C F M = V B S , L R E C L = X , B L K S I Z E = 8 H A L F B L K ) 
/ / F T 5 7 F 0 0 1 DD D S N = 5 R T F L 0 7 , D N T T = S A S C R , D T S P = (NEW,DELETE) , 
/ / S P A C E = ( C Y L , ( 1 , 1 ) ) , D C B = ( R E C F M = V B S , L E E C L = X , B L K 5 I Z E = & U A L F B L K ) 
/ / F T 5 8 F 0 0 1 OD DSN = r .RTFL08 , UNIT= SASCR , D I S P = (NEW, DELETE) , 
/ / S P A C E = ( C Y L , ( 1 , 1 ) ) , D C B = ( E E C F M = V B S , L R E C L = X , B L K S I Z E = & H A L F B L K ) 
/ / E T 5 9 F 0 0 1 DD D S N = R R T F L 0 9 , U N I T = S A S C R , D I S P = ( N E W , D E L E T E ) , 
/ / SPACE= (CYL, ( 1 , 1 ) ) , DCB= (EECFM=VBS, LEECL = X , BLKSIZE = &H AL'^BLK) 
/ / F T 6 0 F 0 0 1 DD D S N = & R T F L 1 0 , n N T T = S A S C R , D I S P = ( N E W , D E L E T E ) , 
/ / S P A C E = ( C Y L , ( 1 , 1 ) ) , D C B = (RECFM=VBS,LPECL=X,BLKSIZE = RHALFBLK) 
/ / • F I L E S 5 1 THRU 60 ARE CCCC RTFLUX AND ATFLUX F I L E S 
/ / F T 6 1 F 0 0 1 DD DSN = S S Y N F I L , D I S P = ( N E W , D E L E T E ) , U N I T = SA SCR, 
/ / DCB= (RECFM = V B S , L R E C L = 8 4 , B L K S I Z E = 3 1 5 6 ) ,SPACE= (TRK, ( 1 , 1 ) ) 
/ / * THE BCD INPUT F I L E 
/ / F T 6 2 F 0 0 1 DD DSN = F. XSCMTN , D I S P= (NEW , DELETE) , UNIT = S ASCR, 
/ / SPACE= (CYL, ( 1 , 1) ) ,DCB=(RECFM = V B S , L R E C L = X , B L K S T Z E = 6 4 4 7 ) 
/ / * A O M E - F I L E X S . C . M I N 
/ / F T 6 3 F 0 0 1 DD DSN = F. REQFLX , DI3 P= (NEW , DELETE) ,U NIT=S ASCR, 
/ / S P A C E = ( C Y L , ( 2 , 1 ) ) , D C B = ( R E C F M = V B S , L R E C L = X , B L K S I Z E = S F U L L B L K ) 
/ / * REWRITTEN FLUXES AND GEOMETRIES 
/ / E T 6 4 E 0 0 1 DD DSN=)&REQXST,DISP= (NEW,DELETE) , D N I T = 3 A S C R , 
/ / 3PACE= (CYL, ( 2 , 1 ) ) , DCB= (RECFH=VBS,LRECL = X,BLKSIZE=S?ULLBLK) 
/ / * REWRITTEN CROSS SECTIONS 
/ / F T 6 5 E 0 0 1 PD PSN=F,INTTOC 1 ,VOL=SER=STOCVOL 1 , D I S P = g T 0 C D 3 P 1 , UNTT^GUNTTS 
/ / * THE INPUT INTTOC F I L E 
/ / F T 6 6 E 0 0 1 DD DS N=F.TNTT0C2 , V O J - S ER=8TOCVOL2,PISP=£TOCDSP2 , 
/ / SPACE= (TRK, ( 1 , 1 ) ) , O C B = ( E E C F M = VPS,LRECL = X,BLKSIZE=SQRTRBLK) , 
/ / DNIT = F,UNITS 
/ / * THE OUTPUT TNTTOC F I L E 
/ / F T 6 7 F 0 0 1 DD DSN=gC0MPXS1 , D N I T = R D N I T S , V O L = S E R = 6 C X S V O L M , D I S P = & C X 3 D I 3 P , 
/ / S P A C E = ( T R K , ( 1 , 1 ) ) , D C B = ( R E C F n = V B S , L R E C L = X,BLKSTZE = 8CXSBLK1) 
/ / * THE F I R S T F I L E OF THE I N P U T , TWO-FILE X S . C . M I N 
/ / F T 6 7 F 0 0 2 DD DS N=F.C0MPXS2 , UNTT=&UNITS , VOL=SER=&CXSVOLM , D I 3 P = 8CXSDTS P , 
/ / SPACE= (CYL, ( 1 , 1 ) ) , DCB= (RECFM=VBS, I RECL = X , BLKSI ZE=F,C XSBLK2) 
/ / * THE SECOND F I L E OF THE I N P U T , TWO-FILE X S . C . M I N 
/ / F T 6 8 F 0 0 1 DD DSN=FrVOLI NT 1 , VOL=SER=& VNTVOLl , D I S P = 8 VNTDSPl , UNIT=8DNITS 
/ / * THE INPUT VOLINT F I L E 
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/ / F T 6 9 F 0 0 1 DD DSN=6V0LINT2,VOL=SER=5VNTVOL2,DISP=6VNTDSP2, 
/ / SPACE= (CYL, ( 2 , 1 ) ) ,DCB=(RECFM=VBS,LRECL = X,BLKSIZP=8LTBBLK2) , 
/ / UNTT=8DNTTS 
/ / * THE OUTPUT VOLINT F J L E 
/ / F T 7 0 F 0 0 1 DD nSN=8DTFINT1,VOL=SER=&PNTV0L1,DISP=8DNTDSP1,UNIT=60NITS 
/ / • THE INPUT DIFINT FILE 
/ / F T 7 1 F 0 0 1 DD DSN=6DIFINT2 ,V0L=SER=8DNTV0L2 ,DISP=6DNTDSP2 , 
/ / SPACE= (TRK, ( 2 , 1 ) ) , D C B = (PECFH=VBS,LRECL=X,BLKSIZF=&LIBBLK2) , 
/ / UNTT=8UNITS 
/ / • THE OUTPUT DIFINT FILE 
/ / F T 7 ? F 0 0 1 DD DSN=6INTGLS,DISP= (NEW,DELETE) ,UNIT=SASCR, 
/ / SPACE= (CYL, ( 2 , 1 ) ) ,DCB= ( R E C F n = V B S , L R E C L = X , B L K S I Z E = 8 F U L L B L K ) 
/ / * THE INTGLS FILE CONTAINS REWRITTEN INTEGRALS 
/ / F T 7 3 F 0 0 1 DD DSN=8HFTLE,DISP=(NEW,DELETE),UNIT=SASCR, 
/ / SPACE= (CYL, ( 2 , 1 ) ) ,DCB=(RECFM=VBS,LRFCL=X,BLKSTZE=8FULLBLK) 
/ / * A SCRATCH FILE 
/ / F T 7 4 F 0 0 1 DD PSN=8DCC0EF,V0L=SER=8DCCVOL,DISP=8DCCDSP,UNTT=8UNITS, 
/ / SPACE= (TRK, ( 2 , 1 ) ) , DCB=(RECFM=VBS,LRECL = X,BLKSIZF = 5HALFBLK) 
/ / * THE DIPECT CCMBINING COEFFICIENTS 
/ / F T 7 5 F 0 01 DD DSN=8ACCOEF,V0L=SER=8ACCVOL,DTSP=8ACCDSP,UNIT=SDNITS, 
/ / SPACE= (TRK, ( 2 , 1) ) , DCE= (R ECFM = VBS,LRECL = X , BLKSIZE=8H)> LFBLK) 
/ / * THE ADJOINT COMBINING COEFFICIENTS 
/ / F T 7 6 F 0 0 1 DD DSN=6GE0M,DISP=(NEW,DELETE) ,UNIT=SA SCR, 
/ / SPACE= (CYL, ( 1 , 1 ) ) , D C B = ( R E C F M = V B S , L P E C L = X,BLKSIZE=8QRTRBLK) 
/ / * A SCPATCH GEOM FILE 
/ / F T 7 7 F 0 0 1 DD PSN=8ANIP,UNTT=SASCR,SPACE= (CYL, ( 1 , 1 ) ) , 
/ / DCB= (RECFM=VBS,LRECL=8 4 , BLKSTZF= 1 6 84) ,DTSP= (NF^^, DELETE) 
/ / * THE BCD A . N I P FILE 
/ / F T 7 8 F 0 0 1 DD DSN=5BC,DISP= (NE",DELETE) ,UNTT=SASCR, 
/ / SPACE= (CYL, ( 1 , 1 ) ) , D C B = ( P E C F M = V P S , L P E C L = X , B I K S I 7 F = 30 4) 
/ / * A SCRATCH BC FILE 
/ / F T 7 9 F 0 0 1 DD DSN=&HICRXS1 , D T S P = S H F , UNTT=8UN":"TS , V 0 L = S E F = K H I C P VOL 
/ / * FTR3T FILE OF INPUT X S . I S O 
/ / r T 7 9 F 0 0 2 PD DSN=8MICRXS2,DTSP=SHR,UNIT=6nNITS,V0L=SEP=8MICRVOL 
/ / • SECOND FILE CF INPUT X S . I S O 
/ / F T 8 0 F 0 0 1 DD DSN=8BHOMG,DISP=(NEW,DELETE),DNIT=SASCR, 
/ / SPACE= (CYL, ( 1 , 1 ) ) ,DCB=(RECFM=VBS,LRECL = X,BLKSIZF=8HALFBLK) 
/ / * FILFS 80 THRU 89 ARE NEEDED IN THE CROSS SECTION G F N F R A T T O N 
/ / F T 8 1 F 0 0 1 DD DSN=8XTS21 ,013?=(NEW,DELETE) ,DNIT=SASCP , 
/ / SPACE= (CYL, ( 1 , 1 ) ),DCB=(RECFM = VBS,LRECL = X,PLKSIZE=SH«LFBLK) 
/ / F T 8 1 F 0 0 2 DD D S N = 8 X T S 2 2 , 0 1 3 " = ( N E W , D E I F T E ) , U N I T = S A S C R , 
/ / SPACE= (CYL, ( 1 , 1 ) ) , DCB= (RECFM= VBS, LR F C L = X , BL K«^T"E = '-;H A LFBLX) 
/ / F T 8 1 E 0 0 3 DD DSN=8XTS23 ,DTSP=(NEW,DELETE) ,DNIT=SASCP, 
/ / SPACE=(CYL, ( 1 , 1 ) ) ,DCB=(RECFM=VBS,LRFCL=X,BLKSIZE=8HALFRLK) 
/ / F T f l 1 F 0 0 4 DP D S N = 8 X I S 2 4 , D T 3 P = ( N E V , D E L E T E ) , U N I T = S A S C R , 
/ / SPACE= (CYL, ( 1 , 1 ) ),DCB=(RECFM = VBS,LRECL = X,BLKSIZE=6H»LFBLK) 
/ / F T 8 2 F 0 0 1 DD PSN = 8SCROO1,DISP= ( NEW,DELETE) ,UNIT=SASCR, 
/ / 3?ACE= (CYL, ( 1 , 1 ) ) , DCB=(RECFM=VP3,LRECL = X,BLKSIZE=8«ALFBL«-) 
/ / F T 8 3 F 0 0 1 DD DSN= 8SCR002 , DISP= ( NE'', DELETE) ,UNIT=SASCR, 
/ / SPACE= (CYL, ( 1 , 1 ) ) , D C B = (RECFM = VBS,LRECL = X,BLKSIZE=8HALFBLK) 
/ / F T 8 4 F 0 0 1 DD DSN=8SPCICN0,DISP=(NEW,DELETE) ,UNTT=SASCR, 
/ / S P A C E = ( 7 6 , 1 ) , D C B = ( R E C F M = V P S , L R E C L = X , P L K S I Z E = 7 6 ) 
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/ / F T 8 5 F 0 0 1 DD D S N = 8 S P C R I T , D I S P = ( N E W , D E L E T E ) , U N I T = S A S C R , 
/ / SPACE= (TRK, ( 1 , 1 ) ) ,DCB=(RECFM=VBS,LRECL=X,BLKSIZE = 3 8 8 ) 
/ / F T 8 6 F 0 0 1 DD DSN=8XSCA0X1,DISP=(NET,DELETE) ,ONIT=SASCR, 
/ / SPACE= (TRK, ( 1 , 1 ) ) , 0 C B = (RECFM=VBS,LEECL=X,BLKSIZE=516) 
/ / F T 8 6 F 0 0 2 DD DSN=6XSCAUX2,DISP= (NEW,DELETE) ,UNIT=SASCR , 
/ / SPACE= (CYL, (1 ,1 ) ) ,DCB=(BEC?H=VBS,IEECL=X,BLKSIZE=&HALFBLK) 
/ / F T 8 7 F 0 0 1 DD DSN=8SCR003A,DISP=(NEW,DELETE) ,UNIT=SASCR, 
/ / SPACE=(CYL, ( 1 , 1 ) ) , D C B = (RECFH=VBS,LEECL=X,BLKSIZE=&HALFBLK) 
/ / F T 8 7 F 0 0 2 DD DSN=8SCR003P,DISP=(NEW,DELETE) ,DNIT=SASCR, 
/ / SPACE= (CYL, ( 1 , 1 ) ) , D C B = (RECFH=VBS,LRECL=X,BLKSIZE = 8HALFBLK) 
/ / F T 8 8 F 0 0 1 DD P3N = &XSMAUX,EISP= (NEW,DELETE) ,UNTT = SASCR, 
/ / SPACE= (CYL, ( 1 , 1 ) ) , DCE= (R ECFM=VBS,LRECL=X,BIKSIZF = r}QRTR3LK) 
/ / F T 8 9 F 0 0 1 DD PSN=8XSMMIN,EISP= ( NEW,DEIETE) ,UNIT=SASCR, 
/ / SPACE=(CYL, ( 1 , 1 ) ) , D C B = (RECFM=VPS,LRECL=X,BLKSIZE=8HALFBLK) 
/ / * FILES 80 THRU 8 9 ARE NEEDED IN THE CROSS SECTION GENERATION 
/ / F T 9 0 F 0 0 1 DD D S N = 8 S Y N C 0 N , D I S P = ( N E W , D E I E T E ) , U N I T = S A S C R , 
/ / DCE=(PECFM = VBS,LRECL=X,BLKSIZE=304) ,SPACE= (TPK, ( 1 , 1 ) ) 
/ / * THE BINARY CCNTRCL FILE FOR SYN3D 
/ / F T 9 1 F 0 0 1 DD DSN=8ATFL01 ,UNIT=SASCR,DISP= (NEW,DELETE) , 
/ / S?ACE= (CYL, ( 1 , 1 ) ) ,DCB= (RECFM=VES,LEECL=X,BLKSTZE=8HALFBLK) 
/ / * A CCCC ATFLUX FILE FOR ADJOINT FLUXES 
/ / F T f ' 2 F 0 0 1 DD DSN= 8PWDI NT , UNI T=SASCR,DTSP= (NEW, DEIETE) , 
/ / SPACE= (CYL, ( 1 , 1 ) ) , D C B = (RECFM=VBS,LRECL=X,B1KSTZE = SHALFBLK) 
/ / * POWER DENSITY, CCCC FORMAT 
/ / F T 9 3 E 0 0 1 DD DSN=PRZFLUX,ONIT=SASCR,DISP=(NEW,DEIETE) , 
/ / SPACE= (TRK, ( 5 , 2 ) ) , D C B = (PECFM = VBS,LPECL=X,BLK^IZE=SHSLFBLK) 
/ / * AVERAGE FLUXES BY ZONE, CCCC FORMAT 
/ / E T 9 4 F 0 0 1 DD DSN=&ISOTXS,ONIT=8UNITS,VOL=3ER=8ISOVOL,PISP=RTSODSP 
/ / * INPUT MICROSCOPIC CROSS SECTIONS TN CCCC FORMAT 
/ / F T 9 5 F 0 0 1 DD DSN = S NDXSRF , DNIT= 8 UNITS ,VOL = SER = C NDXVOL ,PTSP= F.N DXDSP 
/ / * CROSS SECTION REFERENCE F I L E , CCCC FORMAT 
/ / F T 96 FOCI DD DSN=f-ZN ATDN , UNIT=8UNTTS, VOI = SER=&ZN AVOL , P I S P = &Z NADSP 
/ / * ATOM D E N S I T I E S , CCCC FORMAT 
/ / F T 9 7 F 0 0 1 DD DSN = ':-XSCMIT 1 , UNIT=SASCR ,SPACE= (CYL, (1 , 1) ) , 
/ / DCB= (PECFM = VES,LRECL=X,BLKSIZE=80RTBBLK) 
/ / FILE 1 OF COMPOSITION CROSS SECTION SET XS.M.MI1 
/ / F T 9 7 F 0 0 2 DD DSN = 8XSCMII2,UNTT=SASCR,SPACE= (CYL, ( 1 , 1 ) ) , 
/ / DCB= (PECFM = VES,LPFCL=X,BLKSIZE = 8HALFELK) 
/ / FILE 2 OF CCMPCSITTON CROSS SECTION SET XS.M.?^T1 
/ / * 
/^ * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
/ / * * * 
/ / * * ANYONE EXPERIENCING DIFFICULTY WITH THIS PROCEDURE * 
/ / * * SEE C. H. ADAMS, BLDG 2 0 P , ROOM W-117 * 
/ / * * * 

/ / * 
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(^*************************«******************************••••*********** 

C 
C PREPARED 09/19/74 AT ANL 
C 
CF SYNFIL 
CE PCP INPUT FOR SYNTHESIS CALCDLB.TIONS 
C 
CN THIS IS A USFR SUPPLIED BCD DATA SET. 
CN THE LIST FOR EACH PECOPD IS GIVEN TN TERMS 
CN OP THE BCD FORMAT OF THAT DATA CARD. 
CN COTUMNS 1-2 CONTAIN THE CARD TYPE NUMBER. 
CN PLANK FIELDS PRODUCE THE DEFAULT VAf^'S. 
CN 
CN CARD TYPES 01 THROUGH 06 CONTAIN THF MODEL 
CN GEOMETRY SPECIFICATIONS. CARD TYPES 07 
CN THROUGH 21 PESCRIBE THE SYNTHESIS SCHEM". 
C 
C*********************•*****•*•*•••*•*•***•***•**•********************** 

C 
CR PROBLEM T I T L E (TYPE 0 1 ) 
C 
CL FORMAT ( T 2 , 4 X , 1 1 A 6 ) 
C 
CD COLUMNS CONTENTS...IMPLICATIONS, TF ANY 
CD ======= ======================================================^-
CD 1-2 01 
CD 
CD 7-72 ANY ALPHANUMERIC CHARACTERS. 
C 
CN AS MANY TYPE 01 CARPS MAY PF USED AS A^E NECESSARY. 

c 

Q 

CR GENERAL MO^EL GEOMETRY S P E C I F I C A T I O N S ( T Y P ^ ^ 0 ? ) 
C 
CL "ORMAT ( 1 2 , 4 X , 1 1 1 6 ) 
C 
CD COLUMNS CONTENTS...IMPLICATIONS, IF ANY 
CP ======= =====-========__==-=____=^===_=___^^=_=_==_________, 
CD 1-2 02 
CD 
CD 7 - 1 2 M ^ X 3 T 7 , S I Z E OF MAIN COPE STORAGE APRAY TV P F A L * R 
CD ''ORDS ( S I N G L E VORDS ON CDC S Y S T E M S ) , S P E C I F I E D I N 
CD THOUSANDS OF WORDS ( D F F R U L T = 1 0 , I . F . , 1 0 0 0 0 V O R D S ) . 
CD 
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CD 13-18 HCALC, CALCULATION OPTIONS. 
CD 0...DO NOT SOLVE SYNTHESIS EQUATIONS, ONLY UPDATE 
CD INTEGRALS TO INCLODE WHAT IS NEEDED FOR FLDX AND 
CD POWER EDITS AND GO TO EDITS. IF THERE ARE ANY 
CD CARDS OF TYPES 16 THRU 21 A COMBINING COEFFICIENT 
CD FILE (DCCOEF OR ACCOEF) MUST BE AVAILABLE 
CD (DEFAULT) . 
CD 1...UPDATE INTEGRALS AND SOLVE A DIPECT EIGENVALUE 
CD PROBLEM. 
CD 2...UPDATE INTEGRALS AND SOLVE BOTH A DIRECT AND 
CD ADJOINT EIGENVALUE PROBLEM. 
CD 3...UPDATE INTEGRALS AND SOLVE AN ADJOINT EIGENVALUE 
CD PROBLEM. 
CD 
CD 19-24 MAXITR, MAXIMUM NUMBER OF EIGENVALUE ITERATIONS 
CD ALLO'-'ED (DEFAULT=10) . 
CD 
CD 25-30 IBCXL, BOUNDARY CONDITION FOR THE LOWER "X" BOUNDARY 
CP (X=0.) OF THE THREE-DIMENSIONAI MODEL. 
CD 
CD 3 1 - 3 6 IBCXU, BOUNDARY CONDITION FOR THE UPPER "X" BOUNDARY 
CD OF THE THREE-DIMENSIONAL MODEL. 
CD 
CD 3 7 - 4 2 IBCYL, BOUNDARY CONDITION FOR THE LOWER "Y" BOUNDARY 
CD OF THE THREE-DIMENSIONAL MODEL. 
CD 
CD 43-48 TBCYU, BOUNDARY CONDITION FOR THE UPPER "Y" BOUNDARY 
CD OF THE THREE-DIMENSIONAL MODEL. 
CD 
CD 49-54 IPCZL, BOUNDARY CONDITION FOP THE LOWER "7" BOUNDARY 
CD OF THE THREE-DIMENSIONAL MODEL. 
CD 
CD S5-60 TBCZU, BOUNDARY CONDITION FOR THE UPPER "Z" BOUNDARY 
CD OF THE THREE-DIMENSIONAL MODEL. 
CD 
CD THF POSSIBLE BOUNDARY CONDITIONS ARE: 
CD 1...ZERO FLUX. 
CD 2. ..REFLECTIVE. 
CD 3...EXTRAPOLATED (C*D*DEL PHI + PHI = 0). 
CD THE CONSTANTS C FOR THE EXTRAPOLATED BOUNDARY 
CD CONDITION ARE SPECIFIED CN CARD TYPE 06. 
CD 4...PERIODIC WITH OPPOSITE BOUNDARY. 
CD 5... PERIODIC WITH NEXT BOUNDARY GOING TN ""HE ORDER 
CD L0'-7EE X, UPPER Y, UPPERX, LOWER Y. 
CD 6...PERIODIC WITH NEXT BOUNDARY GOING IN THE ORDER 
CD LOWER X, UPPER Y, UPPERX, LOWER Y. 
CD CLOCKWISE. 
CD 7...PERIODIC, INVERTED ALONG THE SAME BPUNDARY. 
CD 
CD PERTODIC CONDITIONS (CONDITIONS 4 THROUGH 7) CAN ONLY 
CD APPLY TO "X" ANE "Y" BOUNDARIES. 
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CD 
CD 6 1 - 6 6 LGROUP, THE NUMBER OF ENERGY GROUPS AFTER GROUP 
CD COLLAPSING. THIS NUMBER MUST BE PROVIDED WHEN A GBNEPAL-
CD GROUP COLLAPSING SCHEME I S EMPLOYED (CARD TYPES 11 AND • 
CD 12 PRESENT IN I N P U T ) , OTHERWISE, MAY BF IGNORED. 
CD 
CD 67-72 lEDT, EDIT OPTIONS FOP HHG4C OVERLAY. IGNORED IN THE 
CD ARC SYSTEM SYN3D. 
CD 
CD 0...NO EDIT DESIRED. 
CD 1...NORMAL EDIT SHOWING CORE USED AND ELAPSED TIMS. 
CD 2...EDIT 1 PLUS COMPLETE EDIT OF MACROSCOPIC CROSS 
CD SECTION FILF WRITTEN BY HMG4C (COMPXS). 
CD 3...EDIT 2 PLUS RUNNING EDIT OF ISOTXS (I.E. ONLY THAT • 
CP DATA FROM ISOTXS i,'HICH IS ACTUALLY USED IS EDITED).-
CD 4...EDIT 3 PLUS BPOTNTER TRACE PRINTS. 
C 
CN WHEN THERE IS NO INPUT INTTOC FILE THE "X" AND "Y" 
CN BOUNDARY CONDITIONS ARE PICKED DP FROM THE FIRST 
CN GEODST FILE ON THE TYPF 05 CARD. VHEN THERE IS AN 
CN INPUT INTTOC FILE THE OLD BOUNDARY CONDITIONS Â Ê 
CN ASSUMED. THE PFpAULT "Z" BOUNDARY CONDITIONS ARE 
CN ZERO CURRENT. 
C 
CN TF THE "X" AND "Y" BOUNDARY CONDITIONS ARE FXTEAPOLATED-
CN THE CODE DOES NOT PICK UP THE CONSTANTS FROM THE 
CN GOEDST FILE'- CARD TYPE 06 IS REQUIRED. 
C 
CN FOP TWO-DIMENSIONAL (XY OR PZ) PROBLEMS THF "SECOND 
CN DIMENSION I S TREATED AS THF "Z" D I H F N S T O N . -"HE 
CN SECOND DT1ENSI0N BOUNDARY CONDITIONS GO IN COLS. 
CN 4 9 - 5 4 AND 5 5 - 6 0 . 
C 
C 

c 
CR GENERAL PROBLEM CONSTANTS (TYPE 03) 
C 
CL FORMAT (12, lOX , S E 1 2. 5) 
C 
CD COLUMNS CONTENTS. . .IMPLICATIONS, ''Y »NY 
CD ======= ====================================================== 
CD 1-2 0 3 
CD 
CD 13-24 GUESS, K (EIGENVALUE) ESTIMATE FOR ''lELANDT ITFRA-^ION 
CD (PSFAULT=NC WIEIANDT ITERATION). THE BEST CHOICE 
CO IS A NUMBER SLIGHTLY HIGHER THAN THE FXPECTE'^ K. 
CD 
CP 2 5 - 3 6 CONVRG, EIGENVALUE CONVERGENCE CRI'^'^RTON 
CD (DEFAULT= 1 . E - 5 ) . 
CP 
CD 3 7 - 4 8 TOTAL POWER TN VATTS (DEFAOIT = 1 WATT) . 
C 
C 
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C 
CR AXIAL MESH DESCRIPTION (TYPE OU) 
C 
CL FORMAT ( I 2 , 1 0 X , 3 ( 1 6 , E l 2 . 5 ) ) 
C 
CD COLUMNS CONTENTS. . . IMPLICATIONS, IF ANY 
CD ======= ======================================================= 
CD 1 - 2 04 
CD 
CD 13-18 N, NUMBER OF INTERVALS INTO WHICH A PORTION OF THE "7" 
CD AXIS IS TO BE DIVIDED (DEFADLT=2). 
CD 
CD 19-30 Z, UPPER COORDINATE OF THAT PORTION 
CD (DEFAnLT=.5CM EACH). 
CD 
CD 3 1 - 3 6 N, NUMBER OF INTERVALS INTO WHICH A PORTION OF THE "Z" 
CD AXIS IS TO BE DIVIDED. 
CD 
CD 37-48 T, UPPER COORDINATE OF THAT PORTION. 
CD 
CD 49-54 N, NUMBER OF INTERVALS INTO WHICH A PORTION OF THE "Z" 
CD AXIS IS TO EE DIVIDED. 
CD 
CD 55-66 Z, UPPER COORDINATE OF THAT PORTION. 
C 
CN THE AXIAL MESH DESCRIPTION STARTS AT Z = 0 . 
CN 
CN AS MANY TYPE 04 CARDS ARE USED AS ARE NECESSARY TO 
CN SPECIFY THE AXIAL MESH DESCRIPTION. 
CN 
CN WHEN THERE ARE NO TypE 04 OR 05 CARDS THE CODE WILL 
CN EXPECT TO FIND A GEOMETRY FILE (GEODST, 1) FROM TJHICH 
CN TO EXTRACT THE DATA. 
C 
C 

C 
CR AXIAL GEOMETRY DESCRIPTION (TYPE 05) 
C 
CL FORMAT (12,1 OX,T6,6X,4E12.5) 
C 
CD COLUMNS CONTENTS...IMPLICATIONS, IF ANY 
CD ======= ====================================================== 
CD 1-2 05 
CD 
CD 1 3 - 1 8 TVER, THE VERSION NUMBER FOR A GECDST FILE DESCRIBING 
CD A TWO-DIMENSIONAL GEOMETRY. 
CD 
CD 2 5 - 3 6 ZBOT, THE LOWER AXIAL LIMIT OF AN AXIAL ZONE 
CD CHARACTERIZED BY THE TWO-DIMENSIONAL GEOMETRY IN 
CD GEODST, I V E E . 
CD 
CD 37-48 ZTOP, THE UPPER AXIAL LIMIT OF THE SAME ZONF. 
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CD 
CD 4 9 - 6 0 ZBOT, THE LOWER AXIAL LIMIT OF AN AXIAL ZONE 
CD CHARACTERIZED BY THE TWO-DIMENSIONAL GEOMETRY IH 
CD GEODST, TVER. 
CD 
CD 61-72 ZTOP, THE UPPER AXIAL LIMIT OF THE SAME ZONE. 
C 
CN AS MANY TYPE 05 CARDS ARE USED AS ARE NECESSARY TO 
CN SPECIFY THE AXIAl GEOMETRY DESCRIPTION. 
CN 
CN WHEN THERE ARE NO TYPE Ot OE 05 CARDS THE CODE WILL 
CN EXPECT TO FIND A GEOMFTPY FILE (GEODST,1) FROH WHICH 
CN TO EXTRACT THE DATA. 
CN 
CN THE USER HAY OVERLAY GEOMETRIES IN BUILDING A MODEL. 
C 
C 

c 
CR CONSTANTS FOR EXTRAPOLATED BOUNDARY CONDITIONS (TYPE 0 6 ) 
C 
CL FORMAT ( 1 2 , 8X, A2 , 2 ( 2 1 6 , E1 2 . 5) ) 
C 
CD COLUMNS CONTENTS...IMPLICATIONS, TF ANY 

CD 1-2 06 
CD 
CD 1 1 - 1 2 B, THE BOUNDARY DESIGNATOR I D E N T I F Y T N G THE BOUNDARY 
CD CF ONE OF THE THREE DIMENSIONS. 
CD X L . . . " X " LOWER. 
CD X U . . . " X " UPPFR. 
CP YL. . . "Y" LC'-'ER. 
CD Y U . . . " Y " UPPER. 
CD Z L . . . " Z " LCWER. 
CD Z U . . . " Z " UPPER. 
CD 
CD 1 3 - 1 3 IGHI , THE HIGHEST "NERGY GROUP WHICH USE3 THF 
CD CONSTANT C. 
CD 
CD 1 9 - 2 4 IGLO, THE LOWEST ENERGY GROUP WHICH USES THF 
CD CONSTANT C . 
CD 
CD 2 5 - 3 6 C, THE CONSTANT FOR IBC=3 ON THE TYPE 0 ? CARn 
CD 
CD 3 7 - 4 2 I G H I , THE HIGHEST ENERGY GROUP WHICH USES THF 
CD CONSTANT C. 
CD 
CD 4 3 - 4 8 IGLO, THE LOWEST ENERGY GROUP WHICH USES T H E 
CD CONSTANT C. 
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CD 
CD 4 9 - 6 0 C, THE CONSTANT FOR I B C = 3 ON THE TYPE 0 2 CARD 
C 
CN AS MANY TYPE 06 CARDS ARE USED AS ARE NECESSARY TO 
CN SPECIFY THE REQUIRED VALUES FOR THE CONSTANT C. 
C 
CN '̂HEN AN EXTRAPOLATED BOUNDARY CONDITION IS SPECIFIED 
CN ON THE TYPE 2 CARD, »ND THE CORPFSPONDING CONSTANTS 
CN ARE NOT SPECIFIED ON A TYPE 6 CARD, A DEFAULT VALUE 
CN OF C=2. 13 IS USED (FOR THE PARTICULAR BOUNDARY AND 
CN GROUP RANGE NOT SPECIFIED). 
r 
Q 

c 
cs EXPANSION FUNCTION SPECIFICATION (TYPE 07) 
C 
CL FORMAT (T2,4X,A6,I6,6X,4E12.5) 
C 
CD COLUMNS CONTENTS...IMPLICATIONS, IF ANY 

CP 1-2 07 
CD 
CD 7-12 TiTFUN, FLUX FILE NAME. TITFUN MAY BE "UNITi' '-iHICH 
CD IMPLIES A UNIT FLUX TN ALL GROUPS EVEN THOUGH SUCH A 
CD FILE DOES NOT ACTUALLY EXIST. "UNIT" MUST BE ENTERED 
CD TN COLS. 7-10. 
CD 
CD 1 3 - 1 8 TVER, FL^X FILE VERSION NUMBER. IN THE CASE OF A UNIT 
CD FLUX IVER I S UNNECESSARY. 
CD 
CD 2 5 - 3 6 ZBOT, THE LOWER L I M I T OF AN AXIAL ZONE WHEPE TT^H 
CD FUNCTION I S USED. 
CD 
CP 37-48 7T0P, THE UPPER LIMIT OF THAT ZONE. 
CP 
CD 4 9 - 6 0 ZBOT, THE lO'^ER LIMIT OF AN AXIAL ZONE ' ^ H F R E THE 
CP FUNCTION TS USED. 
CD 
CP 61-72 ZTOP, THE UPPER LIMT"^ OE THAT ZONE. 
CD 
CD (DEFAULT= A ''NIT FLUX WILL BE USED EVERYWHERE A3 THF 
CD ONLY EXPANSION FUNCTION). 
C 
CN AS MANY TYPE 07 CARDS ARE USED AS ARE NECESSARY "̂ 0 
CN SPECIFY THE EXPANSION FUNCTION DATA. 
C 
c 
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C 
CR WEIGHTING FUNCTION SPECIFICATION (TYPE 08) 
C 
CL FORMAT (12,UX,A6,16,6X,4E12 . 5) 
C 
CD COLUMNS CONTENTS. . . IMPLICATIONS, IF ANY 
CD ======= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = 
CD 1 - 2 08 
CD 
CD 7-12 TITFUN, FLUX FILE NAME. TITFUN MAY BE "UNIT" WHICH 
CD IMPLIES A UNIT FLUX IN ALL GROUPS EVEN THOUGH SUCH A 
CD FILE DOES NOT ACTUALLY EXIST. "UNIT" MUST BE ENTERED 
CD IN COLS. 7-10. 
CD 
CD 13-18 IVER, FLUX FILE VERSION NUMBER. IN THE CASE OF A 
CD FLUX IVER IS UNNECESSARY. 
CP 
CD 2 5 - 3 6 ZBOT, THE LOWER LIMIT OF AN AXIAL ZONE WHERE THE 
CD FUNCTION IS USED. 
CD 
CD 37-48 ZTOP, THE UPPER LIMIT OF THAT ZONE. 
CD 
CD 4 9 - 6 0 ZBOT, THE LOWER LIMIT OF AN AXIAL 70NE "HERE THE 
CD FUNCTION I S USED. 
CD 

CD 61-72 ZTOP, THE UPPER LIMIT OF THAT ZONE. 
CD 
CD (DEFAULT = IF NO TYPE 08 CARDS ARE PROVIDED THF 
CD EXPANSION FUNCTIONS "TTLL BE USED AS WEIGHTING 
CD FUNCTIONS). 
C 
CN AS MANY TYPE 08 CARDS ARE USED AS APE NECESSARY TO 
CN SPECIFY THE WEIGHTING FUNCTION DATA. 
C 
r 
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Q 

CR S P E C I A L GROUP COLLAPSING SCHEME FOR EXPANSION FUNCTION 
Cl (TYPE 09) 
C 
CL FORMAT ( 1 2 , 4 X , 1 1 1 6 ) 
C 
CD COLUMNS CONTENTS...IMPLICATIONS, IF ANY 
CD ======= =======================================================. 
CD 1-2 09 
CP 
CD 7-12 LGP, LOWEST ENERGY GROUP IN COLLAPSED GROUP I. 
CP 
CP 13-1« LGP, LÔ -iEST ENERGY GROUP NUMBER IN COLLAPSED GPOUP 
CD 1+1. 
CD 
CP 19-24 LGP, LOV^EST F N E E G Y G^OUP NUMBER IN COLLAPSED GROUP 
CD T+2. 
CP 
CD 2 5 - 3 0 I G F , LOWEST ENF^GY GROUP NUMBER TN COLLAPSED GROUP 
CD 1 + 3 . 
CD 
c n 3 1 - 3 6 L G F , LC' /FST ENEFGY GROUP NUMBER IN COLLAPSED GROUP 
CD 1 + 4 . 
CP 
CP 3 7 - 4 2 L G P , LO'^"'EST ENERGY GROUP NUMBER IN COLLAPSED GROUP 
CD 1 + 5 . 
CD 
CD 4 3 - 4 8 L G P , LOWEST ENERGY GROUP NUMBER IN COLLAPSED GROUP 
CP T + 6 . 
CD 
CD 4̂ -̂54 LGP, LOWEST ENERGY GROUP NUMBER IN COLLAPSED GROUP 
CD T+7. 
CD 
CP S 5 - 6 0 L G P , LOWEST ENERGY GRCUP NUMBER TN COLLAPSED GROUP 
CD T + 8 . 
CD 
CD 61-66 LGP, LOWEST ENERGY GROUP NUMBER IN COLLAPSED GROUP 
CD T+9. 
CP 
CD 6 7 - 7 2 L G P , LOWEST ENERGY GROUP NUMBER I N COLLAPS'='P GROUP 
CD T + 1 0 . 
CD 
CD (DEFAULT = NO GROUP COLLAPSING). 
r 
CN AS MANY TYPE 09 CARDS MAV BE USED A3 ARE NECESSARY TO 
CN SWEEP THE NUMBER QF COLLAPSED GROUPS. THE TY'̂ E 09 CARDS 
CN MUST BE TN ORDER, STARTING WITH THE HIGHEST ENERGY 
CN GROUP. THE LAST GROUP NUMBER CN THE LAST CAPP MUST BE 
CN EQUAL TO THE NUMBER OF GPOUPS REEOEE GROUP COLLAPSING. 
C 
C 
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APPENDIX D . I N P U T DATA SET S Y N F I L . ( C O N T D . ) 

C 
CR S P E C I A L GROUP COLLAPSING SCHEME FOR WEIGHTING FUNCTION 
CR (TYPE 1 0 ) 
C 
CL FORMAT ( 1 2 , UX, 1 1 1 6 ) 
C 
CD COLUMNS CONTENTS...IMPLICATIONS, IF ANY 
CD ======= ======================================================= 
CD 1-2 10 
CP 
CD 7-12 LGP, LOWEST ENERGY GROUP NUMBER IN COLLAPSED GROUP I. 
CD 
CD 13-18 LGP, LOWEST ENERGY GROUP NUMBER IN COLLAPSED GROUP 
CD T+1. 
CD 
CD 1 9 - 2 U L G P , LOWEST ENERGY GROUP NUMBER I N COLLAPSED GROUP 
CD 1 + 2 . 
CD 
CD 2 5 - 3 0 LGP, LOWEST ENERGY GROUP NUMBER IN COLLAPSED GROUP 
CD T + 3 . 
CD 
CD 31-36 LGP, LOWEST ENERGY GROUP NUMBFP IN COLLAPSED GROUP 
CD 1+4. 
CD 
CD 3 7 - 4 2 LGP, LOWEST ENERGY GROUP NUMBER IN COLLAPSED GROUP 
CD 1 + 5 . 
CD 
CD 4 3 - 4 8 LGP, LOWEST ENERGY GROUP NUMBER IN COLLAPSED GROUP 
CD 1 + 6 . 
CD 
CD 4 9 - 5 4 LGP, LOWEST ENERGY GROUP NUMBER IN COLLAPSED GROUP 
CD 1 + 7 . 
CD 
CD 5 5 - 6 0 LGP, LOWEST ENERGY GROUP NUMBER IN COLLAPSED G-'OUP 
CD T + R . 
CD 

CD 61-66 LGP, LOWEST ENERGY GROUP NUMBER IN COLLAPSED GROUP 
CD T+9. 
CD 
CD 6 7 - 7 2 L G P , LOWEST ENERGY GROUP NUMBER I N COLLAPSED GROUP 
CD 1 + 1 0 . 
CD 
CP (DEFAULT = NO GROUP C O L L A P S T N G IF NO TYPE 09 CARD. 
Cr> IF TYPE 09 CARD IS PRESENT, BUT NO TYPE 10 rst^Q, T H E 
CD EXPANSION FUNCTION COLLAPSING SCWEME IS REPEATED FOR 
CD THE HEIGHTING FUNCTION). 
C 
CN AS MANY TYPE 10 CARDS MAY BE USED AS ARE NECESSARY TO 
CN SWEEP THE NUMBER OF COLLAPSED GROUPS. THE TYPE 10 CARDS 
CN MUST BE TN CRDER, STARTING WITH THE HIGHEST ENERGY 
CN GROUP. THE LAST GROUP NUMBER ON THE LAST CA^D MUST B'' 
CN EQUAL TO THE NUMBER OF GROUPS BEFORE GROUP COLLAPSING. 
C _ 
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Q 

CR GENERAL GROUP COLLAPSING SCHEME FOR EXPANSION FUNCTION 
CS (TYPE 11) 
C 
CL FORMAT (I2,10X,5E12.4) 
C 
CD COLUMNS CONTENTS...IMPLICATIONS, IF ANY 
CD ======= ======================================================= 
CD 1-2 11 
CD 
CD 13-24 U(I,J), GROUP COLLAPSING MATRIX FOR EXPANSION FUNCTION. 
CD 
CD 2 5 - 3 6 U ( I , J ) , GROUP COLLAPSING MATRIX FOR EXPANSION FUNCTION. 
CD 
CD 37-49 U(I,J), GROUP COLLAPSING MATRIX FOP EXPANSION FUNCTION. 
CD 
CD 49-60 U(I,J), GRCUP COLLAPSING MATRIX FOR EXPANSION FUNCTION. 
CD 
CD 61-72 U(I,J), GROUP COLLAPSING MATRIX FOR EXPANSION FUNCTION. 
CD 
CD (DEFAULT = NO GROUP COLLAPSING). 
C 
CN EXPANSION FUNCTION DATA IS SPECIFIED IN THE ORDER 
CN ( (U (I, J) ,I=1,LGRCUP, J=1,NGR0UP) , U BEING EQUAL TO THE 
CN GROUP COLLAPSTNG MATRIX, LGROUP BEING EQUAL TO THE 
CN NUMBER OF ENERGY GROUPS AFTER GRCUP COLLAPSING AND 
CN NGROUP BEING EQUAL TO THE NUMBER OF ENERGY GROUPS 
CN BEFORE GPOUP COLLAPSING. 
CN 
CN A3 MANY TYPE 11 CARDS ARE USED AS ARE NECESSAPY TO 
CN SPECIFY THE EXPANSION FUNCTION DATA. 
C 
C 
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APPENDIX C. INPUT DATA SET S Y N F I L . (CONTD.) 

C 
CR GENERAL GROUP COLLAPSING SCHEME FOR WFIGHTING FUNCTION 
CR (TYPE 12) 
C 
CL FORMAT (I2,10X, SE12.4) 
C 
CD COLUMNS CONTENTS...IMPLICATIONS, IF ANY 
CD ======= ======================================================= 
CD 1-2 12 
CD 
CD 1 3 - 2 4 U ( I , J ) , GROUP COLLAPSING MATRIX FOR 'WEIGHTING F T W C T I O ^ J . 
CD 
CD 2 5 - 3 6 H ( I , J ) , GROUP COLLAPSTNG MATRIX FOR WEIGHTING FUNCTION. 
CD 
CD 3 7 - 4 3 U ( I , J ) , GROUP COLLAPSING MATRIX FOR WEIGHTING "UNCTION. 
CD 
CD 4 9 - 6 0 U ( I , J ) , GPCUP COLLAPSTNG MATRIX FOR W E T G H T I N G FUNCTION. 
CD 
CD 61-72 U(I,J), GROUP COLLAPSING MATRIX FQP V E T G H T T N G FUNCTION. 
CD 
CD (DEFAULT = NO GROUP COLLAPSING IF NO TYPE 11 CARD. 
CD IF TYPE 11 CARD IS PRESENT, BUT NO TYPE 12 CARP, THF 
CD EXPANSION FUNCTION COLLAPSING SCHEME TS REPEATED FQR 
CD THE WEIGHTING FUNCTION). 
C 
CN VEIGHTTNG FUNCTION DATA IS SPECIFIED IN THE Ol'DER 
CN ((U (I,J) ,I=1,LGR0UP,J=1,NGPCUP) , U PFTVG EQUAL TO TH"̂  
CN GROUP COLLAPSING MATRIX, LGROUP BEING EQ'IAL TO THE 
CN NUHBFR OF ENERGY GROUPS AFTER GROUP COLLAPSING AND 
CN NGROUP BEING FQUAL TO THE NUMBER OF ENERGY GROUPS 
CN BEFORE GROUP COLLAPSING. 
CN 
CN AS MANY TYPE 12 CARPS ARE USED AS APE N F C F S S A P Y TO 
CN SPECIFY THE WEIGHTING FUNCTION DATA. 
C 
C 
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APPENDIX D. INPUT DATA SET S Y N F I L . (CONTD.) 

CR CROUP FLUX ELIMINATION FOR INPUT FUNCTIONS (TYPE 13) 
C 
CL ( I 2 , 4 X , A 6 , 9 I 6 ) 
C 
CD COLUMNS C O N T E N T S . . . I M P L I C A T I O N S , I F ANY 
CD = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = : 
CD 1-2 13 
CD 
CD 7-12 TITFUN, FLUX FILE NAME. TITFUN MAY BE "UNIT" WHICH 
CD MUST BE ENTERED IN COLS. 7-10. 
CD 
CD 1 3 - 1 3 IVER, FLUX F I L E VERSION NUMBER. 
CD 
CD 19-24 IGHI, HIGHEST ENERGY GROUP OF A SEQUENCE OF GPOUP 
CD FLUXES (AFTER COLLAPSING, IF ANY) TO BE EXCLUDED FROM 
CP THE SYNTHESIS CALCULATION. 
CD 
CP 25-30 IGLO, LOWEST ENERGY GROUP OF THE SEQUENCE. 
CP 
CP 3 1 - 3 6 I G H I , HIGHEST ENERGY GROUP OF A SEQUENCE OF GROUP 
CD FLUXES (AFTER COLLAPSING, I F ANY) TO BE EXCLUDED FROM 
CD THE SYNTHESIS CALCULATION. 
CD 
CD 3 7 - 4 ? I G L O , LOWEST ENERGY GROUP OF THE SEQUENCE. 
CD 
CD 4 3 - 4 8 I G H I , HIGHEST ENERGY GROUP CF A SEQUENCE OF GROUP 
CD FLUXES (AFTER COLLAPSTNG, I F AFY) TO BE EXCLUDED FROM 
CD THE SYNTHESIS CALCULATION. 
CD 
CD 4 9 - 5 4 I G L O , LOVEST ENERGY GROUP OF THE SEOUENCE. 
CD 
CD 5 5 - 6 0 TGHI , HIGHEST ENERGY GPOUP OF A SFCUENCE OF GROUP 
CD FLUXES (AFTER COLLAPSING, I F ANY) TO BE EXCLUDED FT!OM 
CP THF SYNTHESIS CALCULATION. 
CD 
CD 6 1 - 6 6 I G L O , LOWEST ENERGY GROUP OF THE SEOUENCE. 
CP 
CP (DEFAULT = ALL GROUP FIUXFS ARE USED) . 
C 
rw AS MANY TYPE 13 CARDS ARE USED A3 ARE NECESSARY TO 
CN SPECIFY THE ENERGY GROUPS TO BE EXCLUDED FROM THE 
CN SYNTHESIS CALCULATION. 
C 
c 
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C 
CR EXPANSION FUNCTION SCALING FACTORS (TYPF 14) 
C 
CL "ORMAT (I2,4X,A6,I6,2 (2I6,E12.4)) 
C 
CD COLUMNS CONTENTS. . . IMPLICATIONS, IF ANY 
CD ======= = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = 
CD 1-2 1U 
CD 
CD 7-12 TITFUN, FLUX FILE NAME. TITFUN MAY BE "UNIT" WHICH 
CD MUST BE ENTERED IN COLS. 7-10. 
CD 
CD 1 3 - 1 8 IVER, FLUX FILE VERSION NUMBER. 
CD 
CD 1 9 - 2 4 IGLO, THE FIRST ENERGY GROUP OF A SEQUENCE OF GROUP 
CD FLUXES TO EE SCALED BY ESCALE WHEN USED »3 F7PANSI0N 
CD FUNCTIONS. 
CD 
CD 2 5 - 3 0 TGHI, THE LAST ENERGY GPOUP OF THAT SEQnENCE. 
CD 
CD 3 1 - 4 2 ESCALE, THE EXPANSION FUNCTION SCALING FACTOR 
CD (DEFAULT = 1 . 0 ) . 
CD 
CD 4 3 - 4 8 IGLO, THE FIRST ENERGY GROUP OF A SEQ'JENCE QF GOOUP 
CD FLUXES TO EE SCALED BY ESCALE WH^N VS^T) sS F X P A N S T O N 
CD FUNCTIONS. 
CD 
CD 4 9 - 5 4 IGHT, THE LAST ENERGY GROUP OF THAT "• ?-^n L'.IC?. 
CD 
CD 5 5 - 6 6 ESCALE, T.'E EXPANSION FUNCTION SCALING FACTO? 
CD (DEFAULT = 1 . 0 ) . 
C 
CN IP THE FLUX FILE VERSION NUMBER TS PTSNif, T"^ LAST 
CN NAMED FLUX FIT E IS AUTOMATICALLY ASSU"!ED. 
CN 
CN AS MANY TYPE 14 CARDS ARE USED AS APE NECESSr.SY TO 
CN SPECIFY THE REQUIRED SCALING FACTOF DATA. 
C 
C 
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C 
c 
CR WEIGHTING FUNCTION SCALING FACTORS (TYPE 15) 
C 
CL FORMAT (12,4X,A6,16,2(216,E12. 4)) 
C 
CD COLUMNS CONTENTS...IMPLICATIONS, IF ANY 
CD ======= ===================================================== 
CD 1-2 15 
CD 
CD 7-12 TITFUN, FLUX FILE NAME, TITFUN MAY BE "UNIT" WHICH 
CD MUST BE ENTERED IN COLS. 7-10. 
CD 
CD 1 3 - 1 8 TVER, FLUX F I L E VERSION NUMBER. 
CD 
CD 1 9 - 2 4 IGLO, THE FIRST ENERGY GROUP OF A SEQUENCE OF GROUP 
CP FLUXES TO EE SCALED BY ESCALE WHEN USED AS WEIGHTING 
CD F U N C T I O N S . 
CD 
CD 25-30. IGHI, THE LAST ENERGY GPOUP OF THAT SEQUENCE. 
CD 
CD 31-42 FSCALE, THE WEIGHTING FUNCTION SCALING FACTOR. 
CD (DEFAULT = 1-0). 
CD 
CD 4 3 - 4 8 IGLO, THE FIRST ENERGY GROUP OF A SEQUENCE OF GROUP 
CD FLUXES TO BE SCALED BY ESCALE WHEN USED AS WEIGHTING 
CD FONCTIONS. 
CD 
CD 4 9 - 5 4 IGHT, THE LAST ENERGY GROUP OF THAT SEQUENCE. 
CD 
CP 55-66 ESCALE, THE WEIGHTING FUNCTION SCALING FA.CTOR 
CD (DEFAULT = 1.0). 
C 
CN I F THE FLUX F U E VERSION NUMBER I S BLANK, THF LAST 
CN NAMED FLUX F I L E I S AUTOMATICALLY ASSUMED. 
CN 
CN AS MANY TYPE 1 5 CARDS ARE USED AS APE NECESSARY TO 
CN S P E C I F Y THE REQUIRED SCALING FACTOR DATA. 
C 

c 



94 

APPENDIX D . I N P U T DATA SET S Y N F I L . ( C O N T D . ) 

C 

C 
CR S Y N T H E S I S OUTPUT O P T I O N S (TYPE 1 6 ) 

C 
CL FORMAT ( 1 2 , 4 X , 1 1 1 6 ) 
C 
CD COLUMNS C O N T E N T S . . . I M P L I C A T I O N S , I F ANY 
CD = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = 
CD 1 - 2 1 6 
CD 
CD 7-12 NDENOM, PERTURBATION DENOMINATOR OPTION. 
CD 0...OO NOT CALCULATE PERTURBATION DENOMINATOR 
CP (DEFAULT). 
CD 1...CALCULATE PERTURBATION DENOMINATOR. 
CD 
CD 1 3 - 1 8 N 3 D P L X , OUTPUT RTFLUX O P T I O N . 
CD 0 . . . D O NOT CONSTRUCT AN OUTPUT RTFLUX F I L E ( D E F A U L T ) . 
CD . G T . O . . . T H E VERSION NUMBER FOR THE OUTPUT PTFLUX F I L E , 
CD BE CAREFUL NOT TO ACCIDENTALLY DESTROY AN I N P U T 
CD RTFLUX F I L E . 
CD 
CD 19-24 N3DADJ, OUTPUT ATFLUX OPTION. 
CD 0...DO NOT CONSTPUCT AN OUTPUT ATFLUX FILE (DEFAULT). 
CD .GT.O...THE VERSION NUMBER FOR THE OUTPUT ATFLUX FILF. 
CD BE CAREFUL NOT TO ACCIDENTALLY DESTROY AN INPH? 
CD ATFLUX FILE. 
CD 
CD 25-30 NPWDNT, OUTPUT PWDINT OPTION. 
CD 0 . . . P O NOT CONSTRUCT AN OUTPUT PV'D^NT F I L E ( D E F A U L T ) . 
CD . G T . O . . . T H E VERSION NUMBER FOR THE OUTPUT p v n i N T F I L E . 
CD 
CD 3 1 - 3 6 NRZFLX, OUTPUT RZFLUX O P T I O N . 
CD 0 . . . P O NOT CONSTRUCT AN OUTPUT RZFLUX ( P E F A U L T ) . 
CD . G T . " . . . T H F VERSTCN NUMBER FOR THF OUTPUT R Z F L U X F I L E . 
CD 
CD 3 7 - 4 2 NGEODT, OUTPUT GEODST O P T I O N . 
CD 0 . . . P O NOT CONSTRUCT AN OUTPUT GEODST F I L E ( D E ' ^ A U L T ) . 
CD . G T . O . . . T H E VERSION NUMBER FOP THE OUTPUT G E n p s T F I L E . 
CD BE CAREFUL NOT TO ACCIDENTALLY DESTROY AN I N P U T 
CD GEODST F I L E . 
CD 
CD 4 3 - 4 8 N P R R Z F , FLUX INTEGRAL E D I T O P T I O N . 
CD 0 . . . D O NOT E D I T THE AVERAGE FLUXES BY 7 0 N S (DEFAUT T) . 
CD . G T . O . . . E D I T THE AVERAGE F L U X E S . 
C 
C 
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C--
CR 
C 
CL 
C 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CP 
CD 
CD 
CD 
CD 

DIRECT COMBINING COEFFICIENT PLOTS (TYPE 17) 

FORMAT (I2,4X,1 116) 

COLUMNS 

1-2 

7-12 

13-18 

19-24 

25-30 

31-36 

37-42 

43-48 

49-54 

55-60 

61-66 

67-72 

CONTENTS...IMPLICATIONS, IF ANY 

17 

I P L D C C ( I ) , AN ENERGY GROUP (AFTER GPOUP COLLAPSING, I F -
ANY) FOP HHICH THE MODAL COMPONENTS OF THE TOTAL AXIAL • 
DIRECT FLUX ARE TO BE PRINTER-PLOTTED. 

TPLDCC (2) , AN ENERGY GPOUP (AFTER GROUP COLLAPSING, I F -
ANY) FOP WHICH T H E MODAL COMPONENTS OF THE TOTAL AXIAL -
DIRECT FLUX ARE TO BE PRINTER-PLOTTED. 

I P L D C C ( 3 ) , AN ENERGY GROUP (AFTER GROUP COLLAPSING, I F -
ANY) FOR WHICH THE MODAL COMPONENTS OF THE TOTAL AXIAL -
DIRECT FLDX ARE TO BE P R I N T E R - P L O T T E D . 

I P L D C C ( 4 ) , AN ENERGY GPOUP (AFTER GROUP COLLAPSING, TF -
ANY) FOR WHICH THE MODAL COMPONENTS OF THE TOTAL AXIAL -
DIRECT FLUX ARE TO BE PRINTER-PLOTTED. 

I P L D C C ( 5 ) , AN ENERGY GROUP (AFTER GROUP COLLAPSING, I F -
ANY) FOR HHICH THE MODAL COMPONENTS OF TpE TO-^AL AXIAL -
DIRECT FLUX ARE TO BE PRT NTER-PI ,OTTED. 

I P L D C C ( 6 ) , AN ENERGY GROUP (AFTER GROUP COLLAPSING, TF -
ANY) FOR WHICH THE MODAL COMPONENTS OF THE TOTAL AXIAL -
DIRECT FLUX ARE TO BE PRINTER-PLOTTED. 

TPLDCC ( 7 ) , AN ENERGY GROUP (AFTER GROUP COLLAPSTNG, TF -
ANY) FOR VHICH THE MODAL COMPONENTS OF THE TOTAL AXIAL -
DIRECT FLUX ARE TO BE PRINTER-PLOTTED. 

TPLDCC ( 8 ) , AN ENERGY GROUP (AFTER GROUP COLLAPSING, I F -
ANY) FOR WHICH THE MODAL COMPONENTS OF T H E TOTAL AXIAL -
DIRECT FLUX ARE TO BE PRINTER-PLOTTED. 

TPLDCC ( 9 ) , AN FNERGY GROUP (AFTER GRO''P COLLAPSING, I F -
ANY) FOR WHICH THE MODAL COMPONENTS OF THE TOTAL AXIAL -
DIRECT FLUX ARE TO BE P R I N T E R - P L O T T E P . 

I P L P C C ( I O ) , AN ENERGY GROUP (AFTER GROUP COLLAPSTNG, TF-
ANY) FOR ''THICH THE MODAL COMPONENTS OF THE T O T A L AXIAL • 
DIRECT FLUX ARE TO BE P R I N T E R - P L O T T E D . 

IPLDCC(II), AN ENERGY GPOUP (AFTER GROUP COLLAPSTNG, IF-
ANY) FOR WHICH THE MODAL COMPONENTS OF THE TOTAL AXIAL -
DIRECT FLUX ARE TO BF PRINTER-PLOTTED. 
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CD 
CD I F NO TYPE 17 CARDS APE P R E S E N T , THERE WILL BE NO 
CD PLOTS (DEFAULT) . 

C 
CN DIRECT COMBINING C O E F F I C I E N T PLOTS DATA TS S P E C I F I E D 
CN SUCH THAT ( I P L D C C ( I ) , 1 = 1 , N P L D C C ) , NPLDCC P E I N G THE 
CN NUMBER OF GROUPS FOP WHICH PLOTS ARF TO BE OUTPUT 
CN ( N P L D C C . L F . L G R O U P ) . 
CN 

CN AS MANY TYPE I"" CARDS ARE USED AS APE NECESSARY TO 
CN SPECIFY THE DATA FOR THE REQUIRED PLOTS. 
C 
C 

c 
CR A D J O I N T COMBINING C O E F F I C I E N T S PLOTS ( T Y P E 1 8 ) 
C 
CL FORMAT ( 1 2 , 4 X , 1 1 1 6 ) 
C 
CD COLUMNS CONTENTS...IMPLICATICNS, IF ANY 
cn ======= ======================================================= 
CD 1-2 18 
CD 
CD 7-12 IPLACC(I), AN ENERGY GROUP (AFTER GROUP COLLAPSING, IP 
CD ANY) FOR WHICH THE MODAL COMPONENTS OF THF TOTAL AXIAL 
CD ADJOINT FLUX ARE TO BE PP INTER-PLOT'^ED. 
CD 
CD 1 3 - 1 8 I P L A C C ( 2 ) , AN ENE.^GY GPOUP (AFTER GPOUP C O L L A P S T N G , TF 
CD ANY) FOR WHICH THE MODAL COMPONENTS OF THE TOTAL AXIAL 
CD ADJOINT FLUX ARF TO BE P R I N T E R - P L O T T E D . 
CD 
CD 1 9 - 2 4 T P L A C C ( 3 ) , AN ENERGY GROUP (AFTER GROUP C O L L A P S I N G , I ' ' 
CD ANY) FOR '^HICH THE MODAL COMPONEN'TS 0 ^ THE TOTAL AXIAL 
CD ADJOINT FLUX «RF TO BE P R I N T E R - P L O T T E D . 
CD 

CD 2 5 - 3 0 I P L A C C ( 4 ) , AN F N F R G Y GPOUP (AFTER GROUP C O L L A P S T N G , T F 

CD ANY) FOR VHICH THE MODAL COMPONENTS OF THF TOTAL AXIAL 
CD ADJOINT FLUX ARE TO BF P R T N T E P - P L C T T F n . 
CD 
CD 3 1 - 3 6 I P L A C C ( 5 ) , AN ENERGY GROUP (AFTER GPOUP r O L L A P S I N G , I F 
CD ANY) FOR WHICH THE MODAL COMPONENTS OF THF TOTAL A X I A L 
CD ADJO"^NT FLUX ARE TO PF PR I N T E P - P L O T T EF 
CP 

CD 3 7 - 4 2 T P L A C C ( 6 ) , AN ENERGY GROUP (AFTER GROUP C O L L A P S I N G , l̂ :-

CD ANY) FOR WHICH THE MODAL COMPONENTS OF THE T^^AL AXTSL 
CD A D J O I N T FLUX ARE TO BE PR I N T E F - P I C T T F C 
CP 

CP 4 3 - 4 8 T P L A C C ( 7 ) , AN FNERGY G F Q U P (AFTER GROUP C O L L A P S I N G , ^? 

CO ANY) FOR VHICH THE MODAL COMPONENTS OF THF K^TpL A X I > L 
CP APJC^NT FLUX »RF TO BE P R I N T E R - P L O T T E D . 
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CD 
CD 4 9 - 5 4 I P L A C C ( 8 ) , AN ENERGY GROUP (AFTER GROUP COLLAPSING, I F 
CD ANY) FOR WHICH THE MODAL COMPONENTS OF THE TOTAL AXIAL 
CD ADJOINT FLUX ARE TO BF PRINTER-PLOTTED. 
CD 
CD 5 5 - 6 0 I P L A C C ( 9 ) , AN ENERGY GROUP (AFTER GROUP COLLAPSING, I F • 
CD ANY) FOR WHICH THE MODAL COMPONENTS OF THE TOTAL AXIAL • 
CD ADJOINT FLOX ARE TO BE PRINTER-PLOTTED. 
CD 
CD 6 1 - 6 6 I P L A C C ( I O ) , AN ENERGY GROUP (AFTEP GROUP COLLAPSING, IF-
CD ANY) FOR WHICH THE MODAL COHPONENTS OF THE TOTAL AXIAL -
CD ADJOINT FLUX ARF TO BE PRINTER-PLOTTED. 
CD 
CD 67-72 IPLACC(II), AN ENERGY GROUP (AFTFR GROUP COLLAPSING, IF-
CD ANY) FOR WHICH THE MODAL COMPONENTS OF THE TOTAL AXIAL -
CD ADJOINT FLUX ARF TO BE PRINTER-PLOTTED. 
CD 
CD IF NO TYPE 18 CARDS ARE PRESENT, THERE WILL BE NO 
CD PLOTS (DEFAULT). 
C 
CN ADJOINT COMBINING COEFFICIENT PLOTS DATA 13 SPECIFIED -
CN SUCH THAT (IPLACC (I) ,1=1,NPLACC) , NPLACC BEING THE 
CN NUMBER CF GROUPS FOR WHICH PLOTS ARE TO BE OUTPUT 
CN (NPLACC.LE.LGROUP) . 
CN 
CN AS MANY TYPE 18 CARDS AEE USED AS AEE NECESSARY TO 
CN SPECIFY THE DATA FOR THE REQUIRED PLOTS. 
C 
C 
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C 
CR TWO-DIMENSIONAL DIRFCT FLUX EDITS (TYPE 19) 
C 
CL FORMAT ( 1 2 , 4X, 1 0 1 6 ) 
C 
CD COLUMNS CONTENTS...IMPLICATIONS, IF ANY 

CD 1 - 2 19 
CP 
CD 7 - 1 2 I P R R T F ( 1 , 1 ) , A GROUP NUMBER USED IN IDENTI'='YING A PLANE-
CD OF DIRECT FLUXES TO BE EDITED. 
CD 
CD 1 3 - 1 8 I P P R T F ( 2 , 1 ) , AN AXIAL MESH INTERVAL USED TN IDENTIFYING-
CD THE PLANE CF DIRECT FLUXES TO BE EDITED. 
CD 
CD 1 9 - 2 4 TPRPTF( - | , 2 ) , A GROUP NUMBER USED IN IDENTIFYING A PLANE-
CD OF DIRECT FLUXES TO BE EDITED. 
CD 
CD 2 5 - 3 0 I P R R T F ( 2 , 2 ) , AN AXIAL MESH INTERVAL USED IN I D E N T I F Y T N G -
CD THE PLANE OF DIRECT FLUXES TO BE EDITED. 
CP 
CP 3 1 - 3 6 TPpTJTF ( 1 , 3) , » GROUP NUMBER USED IN IDENTIFYING A PL»NE-
CD OF DIRECT FLUXES TO BE EDITED. 
CD 
CD 3 7 - 4 2 T P R R T F ( 2 , 3 ) , AN AXIAL MESH INTEPVAI USED IN T P E N T T F Y T N G -
CD THE PLANE OF DIRECT FLUXES TO BE EDITED. 
CD 
CD 4 3 - 4 8 I P R R T F ( 1 , 4 ) , A GROUP NUMBER USED IN IDENTIFYING A PLANE-
CD OP DIRECT FLUXES TO BE EDITED. 
CD 
CD 4 9 - S 4 I P R R T F ( 2 , 4 ) , AN AXIAL MESH INTEEVAL USED IN T D F N T I F Y I N G -
CD THE PLANE OF PIPECT FLUXES TO BE EDTTEP. 
CD 
CD 5 5 - 6 0 I ? R R T F ( 1 , 5 ) , A GROUP NUMBER USED IN IDENTIFYING A PLANE-
CD OF DIRECT FLUXES TO BF EDITED. 
CD 
CD 6 1 - 6 6 T P P R T F ( 2 , 5 ) , AN AXIAL MESH INTERVAL USED "̂  N TDENT LEY IN'^-
CD THE PLANE OF DIPECT FLUXES TO BE EDITFP. 
CD 
CD (DEFAULT = NO EDITS) . 
C 
CN THE "^VO-DIMENSIONAL DIRECT FLUX F D I T DATA I S SPECIEIED -
CN SUCH THAT ( (I PRRTF ( I , N) , T= 1 , 2 ) , N= 1 , N P R R T ^ ) , NPPRT'^ " -
CN BEING THE NUMBER OF PLANAR EDITS TO BE DONE. 
CN WHFN THE PROBLEM IS TWO-DIMENSIONAL ALL AXIAL "ESH 
CN INTERVALS ARE EDITED WHEN TPRRTF ( 2 , N ) . G T . P . 
CN 
CN AS MANY TYPE 19 CARDS ARE USED AS ARE NECFc;sftpY TO 
CN SPECIFY THE DATA REQUIRED FOR -̂ HE OIREC^ FLUX EDITS. 
C 
C 
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APPENDIX D. INPUT DATA SET SYNFIL. (CONTD.) 

C 
CD TWO-DIMENSIONAL ADJOINT FLUX EDITS (TYPE 20) 
C 
CL FORMAT ( 1 2 , 4 X , 1 0 1 6 ) 
C 
CP COLUMNS CONTENTS...IMPLICATIONS, IF ANY 
CD ======= =======================================================. 
CD 1-2 20 
CD 
CD 7-12 IPRATF(1,1), A GROUP NUMBER USED IN IDENTIFYING A PLANE 
CD OF AD-TOINT FLUXES TO BE EDITED. 
CP 
CD 13-18 IPRATF(2,1), AN AXIAL MESH INTERVAL USED IN IDENTIFYING-
CD THE PLANE OF ADJOINT FLUXES TO BE EDITED. 
CP A PLANE OF ADJOINT FLUXES TO BE EDITED. 
CD 
CP 19-24 IPRATE(1,2), A GROUP NUMBER USED IN IDENTIFYING A PLANE 
CD OF ADJOINT FLUXES TO BE EDITED. 
CD 
CD •'5-30 IPRATF(2,?), AN AXIAL MESH INTERVAL USED IN IDENTIFYING-
CD THE PLANE OF ADJOINT ''LUXES TO BE EDITED. 
CD 
CD 3 1 - 3 6 T P E A T F ( 1 , 3 ) , A GROUP NUMBER USED TN IDENTIFYING A PLANE 
CD OF ADJOINT FLUXES TO BE EDITED. 
CD 
CD 3 7 - 4 ? I P R A T F ( 2 , 3 ) , AN AXIAL MESH INTERVAL USFP IN TDENTIFYING-
CD THE PLANE OF ADJOINT FLUXES TO BE EDITED. 
CD 
CD 4 3 - 4 8 I P R A T F ( 1 , 4 ) , A GROUP NUMBER USED IN IDENTIFYING A PLANE 
CD OF ADJOINT FLUXES TO BE EDITED. 
CP 
CD 4 9 - 5 4 T P R A T F ( 2 , 4 ) , AN AXIAL MESH INTERVAL USED IN IDENTIFYING-
CD THE PLANE OF ADJOINT FLUXES TO BF EDITED. 
CD 
CD 55-60 IPRATF(1,5), A GROUP NUMBER USED IN IDENTIFYING A PLANF 
CD OF ADJOINT FTUXES TO BE EDITED. 
CD 
CD 6 1 - 6 6 T P R A T F ( 2 , 5 ) , AN AXIAL MESH INTERVAL USED IN TDENTIFYTNG-
CD THE PLANE CF ADJOINT FLUXES TO BE EDITED. 
CD 
CD (DEFAULT = NO EDITS). 
CN 
CN THE TWO-PIMENSTONAL ADJOINT FLUX EDIT DATA IS SPECTFIED-
CN SUCH THAT ( (IPRATE (I,N) ,1= 1 , 2) ,N=1,NPRATF) , NPRATE 
CN BEING THE NUMBER OF PLANAR EDITS TO BE PONE. 
CN WHEN THE PROBLEM IS TWO-DIMENSIONAL ALL AXIAL MESH 
CN INTERVALS ARE EDITED WHEN IPRATF (2,N) .GT.0. 
CN 
CN AS MANY TYPE 20 CARDS ARF USED AS ARE NECESSARY TO 
CN SPECIFY THE DAT REQUIRED FOP THE ADJOINT ^LUX EDITS. 
C 
C 
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APPENDIX D . I N P U T DATA SET S Y N F I L . ( C O N T D . ) 

C 

CP TWO-DIMENSIONAL PLANAR POWER E D I T S (TYPE 2 1 ) 
C 
CL FORMAT ( 1 2 , 4 X , 1 0 1 6 ) 
C 
CD COLUMNS C O N T E N T S . . . I M P L I C A T I O N S , I F ANY 
CD = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = 
CP 1 - 2 2 1 
CD 
CD 7 - 1 2 I P R P ' / D ( 1 ) , AN AXIAL MESH INTERVAL IDEN-^TFYTNG A PLANE 
CD OF POWER E D I T S 
CD 
CP 13-18 IPRPWD(2) , AN "XIAL MESH INTERVAL IDENTIFYING A PLANF 
CD OF POWER EDITS 
CD 
CD 19-24 IPRPKD(3) , AN AXIAL MESH INTERVAL IDENTIFYING A PLANE 
CD OF POWER EDITS 
CD 
CD 2 5 - 3 0 I P R P W D ( 4 ) , AN A X I A L MESH INTERVAL I D E N T I F Y I N G A PLANE 
CD OE POWER E C I T S 
CD 
CD 3 1 - 3 6 I P R P W D ( 5 ) , AN AXIAL MESH INTERVAL ILENT I F Y INr, A PLANE 
CD OF POWER E D I T S 
CD 
CD 3 7 - 4 2 I P R P W D ( 6 ) , AN AX^AL MESH I N T E R V A L I D E N T I F Y I N G A PLANE 
CD OF POWER E D I T S 
CD 
CD 4 3 - 4 8 I P R P W D ( 7 ) , AN A X I A L MESH I N T E R V A L IDENT IFYIN''- A PLANE 
CD OF POWER E D I T S 
CP 

CD 49-54 IPRPWD(8) , AN AXIAL MESH INTERVAL TDFNTIFYIMG A PLANE 
CD OF POVER EDITS 
CD 
CD 5 5 - 6 0 I P R P " D ( 9 ) , AN AXIAL MESH I N T E E V A L I D E N T T P Y I N G A PLANE 
CD OF POWER E C I T S 
CD 

CD 6 1 - 6 6 T P R P W D ( I O ) , AN AXIAL MESH INTERVAL T D E N - ^ T P Y I N G A PLSNE 
CD OF POWER E D I T S 
CO 

CD (DEFAULT = NO EDITS) . 
CN 

CN THF TWO-DIMENSIONAL PLANAR PO'-'FR EDIT DATs IS 
CN SPECIFIED SUCH THAT (TPRPWD (I) , 1= 1, NPRPWD) , 'IPRP'.'O 
CN BEING THE NUMBER OF PLANAR EDITS DESIRE^. 
CN WHEN THE PROBLEM IS TWO-DIMENSIONAL ALL AXIAL MESH 
CN INTERVALS AP" EDITED IF IPRPWD(1).GT.0. 
CN 
CN A3 MANY TYPE 2 1 CARDS ARE USED AS ARE NECESSAPY "^0 
CN S P E C I F Y THE ^PTA RFQUIPED FPR T H F P L A N » R P O W F R F D I T S . 

C 

CO'^F 
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APPENDIX E. CODE-DEPENDENT BINARY F I L E S . COMPXS. 

Q^i^i^i*^L***:^i^i^c^i^c^ii^^fi^^:tL^L^^:^^^i*****^t******:****:^***************** * * * * * * * * * 

C 

C PREPARED 8/26/75 AT ANL 
C 
CF COMPXS 
CE MACROSCOPIC COMPOSITION CROSS SECTIONS 
C 
Q^i^:^^!******* ************************************************** ********** 

Q 

CS FILE STRUCTURE 
CS 
CS RECORD TYPE PRESENT IF 
CS =================================== =========== 
CS SPECIFICATIONS ALWAYS 
CS SET CHI ISCHT.GT.O 
CS « * * • * * * * * (REPEAT FOR ALL COMPOSITIONS) 
CS * ' COMPOSITION SPECIFICATIONS ALWAYS 
CS * * * * * * * (REPEAT FOE ALL ENERGY GROUPS 
CS * * IN THE ORDER OF DECREASING 
CS * * ENERGY) 
CS * * COMPOSITION MACROSCOPIC GROUP ALWAYS 
CS * * CROSS SECTIONS 
CS ********* 
CS 
C 
C 

NUMBER OF ENERGY GROUPS. 
PROMPT FISSION SPECTRUM FLAG FOR THIS 
COMPOSETION. I C H I = - 1 IF COMPOSITION U3FS THE 
SET-WIDE PROMPT CHT GIVEN IN SET CHI RECORD 
(BELOW). I C H I = 0 I F COMPOSITION TS NOT 

FISSIONABLE. ICHI=1 FOR CCMPOSITION PROMPT CHI 
VECTOR. ICHI=NGROUP FOR COMPOSITION PROMPT CHT 
MATRIX. 
NUMBER OE GROUPS OF UPSCATTERING FOR THIS 
COMPOSITION. 
NUMBER OF GROUPS OF DOVNSCATTERING FOR THIS 
COMPOSITION. 
PROMPT FISSION SPECTRUM FLAG. TSCHI=0 I F 
THERE I S NO SET-WIDE PROMPT CHI . I S C H I = 1 TF 
THERE I S A SET-WIDE PROMPT CHI VECTOR. 
ISCHT=NGROUP I F THERE I S A SET-WIPE PROMPT 
CHI MATRIX. 
2 FOR IBM MACHINES, 1 OTHERWISE. 

CP 
CD 
CD 
CD 
CP 
CP 
CP 
CP 
CP 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 

NGROUP 
TCHI 

NUP 

NPN 

TSCHI 

MULT 
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APPENDIX E. CODE-DEPENDENT BINARY PILES ( C O N T D . ) . COMPXS. 

C 
CR SPECIFICATIONS (TYPE 1) 

CL NCMP,NGROUP,TSCHI,NFCMP,MAXUP,MAXDN,ND0M1,ND0M2,NDUM3,NDUH4 

C 
CH 10 
C 
CD NCMP NUMBER OF COMPOSITIONS. 
CD NFCMP NUMBER OF FISSIONABLE COMPOSITIONS. 
CD MAXUP MAXIMUM NUMBER OF GPOUPS CP UPSCATTERING FOR 
CD THE SET. 
CD MAXDN MAXIMUM NUMBER OF GROUPS OF DOVNSCATTERING 
CD FOR THE SET. 
CD NDUM1 RESERVE!*. 
CP NPUM? RESERVEP. 
CD NDUM3 RESERVED. 
CD NPUM4 RESERVED. 
C 
C -. 

c 
CR SET CHI (TYPE 2) 
C 
CC PRESENT IF ISCHT.GT.O 
C 
CL ((CHI ( I , J) , 1 = 1 , TSCHI) , J = 1 , NGROUP) 
C 
CW MULT*TSCHI*NGROUP 
C 
CD ^HI PRCMPT FTSSTON FRACTION IN-̂ O GOC'IP J FROM 
CD GROUP t. IF I3CHI=1, THE LIST REDUCES T O 
CD (CHI (J) ,J = 1,NGROUP) , "HERE CHI(.T) 13 THE 
CD FISSION FRACTION INTO GROUP J. 
C 
C 

c 
CP COMPOSITION SPECIFICATIONS (TYPE 3) 
C 
CC AL'-'AYS PRESENT 
C 
CL T C H I , ( N n P ( I ) , 1 = 1 . N G R O U P ) , ( N D N ( I ) , 1 = 1 , N G R O U P ) 
C 
CV 1 + 2 * N G R C U P 
C 
C 
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APPENDIX E. CODE-DEPENDENT BINARY FILES (CONTD.). COMPXS. 

C 
CR COMPOSITION MACROSCOPIC GROUP CROSS SECTIONS (TYPE 4) 
C 
CC ALWAYS PRESENT 
C 
CL XA,XTOT,XREM,XTR,XF,XNF, (CHT (I) ,I=1,ICHI) , 
CL 1 (XSCATD(I) ,T=1,NUMUP) ,XSCATJ, (XSCATD(I) ,1 = 1 ,NUMDN) , 
CL 2PC,A1,B1,A2,B2,A3,B3 
C 
CC NUMUP = NUP FOR THE CURRENT GPOUP. 
CC NUMDN = NDN FOR THE CURRENT GROUP. 
C 
CW MULT*(14+TCHI+NnMUP+NUMDN) IF ICHI.GT.O 
CV MULT* (14 + NUMDP+NnMDN) IF ICHI.EQ.-1 
CW MULT*(12+NUMUP+NUMDN) IF ICHI.EQ.O 
C 
CD XA ABSORPTION CROSS SECTION. 
CD XTOT TOTAL CROSS SECTION. 
CD XRBM ' REMOVAL CROSS SECTION, TOTAL CROSS SECTION 
CD EOF REMOVING A NEUTRON FROM GROnp J DUE TO ALL 
CD PROCESSES. 
CD XTR TRANSPORT CROSS SECTION. 
CD XF FISSION CPOSS SECTION, PRESENT ONLY IF 
CD ICHI.NE.O. 
CD XNF TOTAL NUMBER OF NEUTRONS EMITTED PER FISSION 
CD TIMES XF, PRESENT ONLY IF ICHI.NE.O. 
CD CHI PROMPT FISSION FRACTION INTO GROUP J FROM 
CD GRCUP I, PRESENT ONLY IF ICHI.GT.O. TF ICHI=1, 
CD THE LIST REDUCES TO THE SINGLE NUMBER CHI, 
CD WHICH IS THE PROMPT FISSION FRACTION INTO 
CD GROUP J. 
CD XSCATU TOTAL SCATTERING CROSS SECTION INTO GROUP J 
CD FROM GROUPS J + NUP (J),J+NDP (J)-1,.. . ,J + 2,J+1, 
CD PRESENT ONLY IF NUP (J).GT.O. 
CD XSCATJ TOTAL SELF-SCATTERING CROSS SECTION FROM 
CD GROUP J TO GROUP J. 
CD X3CATD TOTAL SCATTERING CROSS SECTION INTO GROUP J 
CD FROM GROUPS J-1,J-2,... ,J-NPN (J) , PRESENT 
CD ONLY IF NDN(J).GT.O. 
CD PC PC TIMES THE GROUP J REGION INTEGRATED 
CD FLUX FOP THE RFGIONS CONTAINING THE CURRENT 
CD COMPOSITION YIELDS THE POWER TN WATTS IN THOSE 
CD REGIONS AND ENERGY GROUP J DUE TO FISSIONS 
CP AND NON-FISSTON ABSORPTIONS. 
CD Al FIRST DIMENSION DIRECTIONAL DIFFUSION 
CD COEFFICIENT MULTIPLIER. 
CD Bl FIRST DIMENSION DIRECTIONAL DIFFUSION 
CD COEFFICIFN'^ ADDITIVE TERM. 
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APPENDIX E. CODE-DEPENDENT BINARY FILES ( C O N T D . ) . COMPXS. 

CD A2 SECOND DIMENSION DIRECTIONAL DIFFUSION 
CD COEFFICIENT MULTIPLIER. 
CD 82 SECOND DIMENSION DIRECTIONAL DIFF"SION 
CD COEFFICIENT ADDITIVE TERM. 
CD A3 THIRD DIMENSION DIRECTIONAL DIFFUSION 
CD COEFFICIENT MULTIPLIER-
CD B3 THIRD DIMENSION DIRECTIONAL DIFFUSION 
CD COEFFICIENT ADDITIVE TERM. 
C 
C 

CEOF 
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APPENDIX E. CODE-DEPENDENT BINARY FILES ( C O N T D . ) . DCCOEF. 

C * * * * * * * * * * * * * * * * * • * * • * * * * * • * • * • * * • * * • * • * * • * * * * * * * * * * * * * * * * * • * * * * * * * * * * * 
C 
C PREPARED 1 / 2 7 / 7 6 AT ANL 
C 
CF DCCOEF (OR ACCOEF) 
CE DIRECT (OP ADJCINT) SYNTHESIS COMBINING COEFFICIENT FILE 
C 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

NUMBER OF ENERGY GROUPS BEFORE COLLAPSTNG. 
NUMBER OF ENERGY GROUPS AFTER COLLAPSING. 
NUMBER OF FUNCTION FILE NAMES IN TOC. 
THE NUMBER OF CHANNEL STRUCTURE SCHEMES. 
THE MAXIMUM NUMBER OF WEIGHTING FUNCTIONS USED 
IN A SINGLE ZONE, OR THE MAXIMUM NUMBER OF 
EXPANSION FUNCTIONS, WHICHEVER TS LARGER. 
MAXKNM.LE.MAXDSE. 
NCOLGP = 0 FOR GROUP DEPENDENT SYNTHESIS. 

= 1 FOR GENERAL GROUP COLLAPSING. 
= 2 FOR SPECIAL GROUP COLLAPSING. 

THE NUMBER OF A6 WORDS USED TO STORE THE 
TITLE. 
THE NUMBER OF AXIAL ZONES IN THE MODEL. THERE 
I S A NEW ZONE WHEN EITHER THE PLANAR GEOMETRY 
OF THE FUNCTION SETS CHANGE. 

C 
CS FILE STRUCTURE 
CS 
CS RECORD TYPE PRESENT IF 

CS =================================== =========== 
CS FILE IDENTIFICATION ALWAYS 
CS SPECIFICATIONS ALWAYS 
CS FIXED POINT ARRAYS ALWAYS 
CS FLOATING POINT ARRAYS ALWAYS 
CS COMBINING COEFFICIENTS ALWAYS 
C 
C 

C 
CR FILE IDENTIFICATION 
C 
CL HNAME, (HUSE(I ) , 1 = 1 , 2 ) ,TVERS 
C 
CW 1 + 3 * M U L T 
C 

CP 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 

NGROUP 
LGROUP 
MAXFUN 
NCHNST 
MAXKNM 

NCOLGP 

NTITLE 

NUMKZN 
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APPENDIX E. CODE-DEPENDENT BINARY FILES ( C O N T D . ) . DCCOEF. 

CD HNAMF HOLLERITH FILE NAME - DCCOEF (OR ACCOEF) - (A6) 
CD HUSE HOLLERITH USER IDENTIFICATION ( A 6 ) . 
CD IVERS FILE VERSION NUMBER. 
CD MULT WORD LENGTH PARAMETER. 
CD MULT=1, A6 WORD I S SINGLE WORD. 
CD = 2 , A6 WORD I S DOUBLE PRECISION WORD. 
C 
C 

c 
CR SPECIFICATIONS 
C 
CL NGROUP,LGROUP,MAXFUN,MAXCHN,NCHNST,KMAX,MAXKNM,NCOLGP,NTITLE , 
CL 1NUMK7N 
C 
CW 10 
c 
CD MAXCHN THE MAXIMUM NUMBER OF CHANNELS IN A^Y CHANNEL 
CD STRUCTURE SCHEME. MAXCHN.EQ.THE LARGEST 
CD VALUE OF NUMCHN (I),1=1,NCHNST. 
CD KMAX NUMBER OF AXIAL MFSH INTERVALS. 
C 
C 

C 
CR FIXED POINT ARRAYS 
C 
CL ((TGPUSE(N, J) ,N=1,LGROUP) ,J=1,MAXFUN) , 
CL 1 ( (IWT(J,K) , J=1, MAXKNP) , K=1 ,NUMKZN) , 
CL 2 ( (TFL (J,K) ,J=1, MAXKNM) , K=1,NUMKZN) , 
CL 3 ((NCR AN (N, J) , N= 1 ,LGRCUP) , J=-1 , M AXFUN) , (NUMCHN (I) ,1 = 1, NCHNST) , 
CL 4 (KCHANG (T) ,I=1,NnMK7N) , (KDTM (I) ,1=1 ,NUMKZN) , 
CL 5 (IVRFUN (J) ,J=1, MAXFUN) 
C 
CW 2*LG?OUP*MAXFUW•^2*MAXKNM*NUMKZN + NCHNST + 2*NUMK^N + MAXFUN 
C 
CD TGPUSE A PROJECTION " J T R I X ( E L E - ^ F N T S ARE 0 OR 1) 

CD SHOWING WHICH GROUP FLUXES OF EACH FUNCTION 
CD ARF TO BE USED ( 1 ) OR OMITTED ( 0 ) . 
CD IWT THE 'JETGHTTNG F U N C T I O N S HSEP TN "LONE K. TF 
CP THERE ARF FEWER THAN MAXKNM, THE OTHER E N T R I E S 
CP FOR A PARTICULAR ZONE ARE Z E P O . 
CD TFL THE EXPANSI ON FUNCTIONS USED TN ''ONE K. TF 
CD THERE ARE FEWER THAN MAXKNM, THF OTHER E N T R I E S 
CD FOE A PARTICULAR ZONE ARF 7 F R 0 . 
CD NCHAN CHANNEL SCHEME ASSIGNMENT FOR EACH G R O U P -
CD COLLAPSED GROUP F L U X . 

CD NUMCHN NUMBER OF CHANNELS I N CHANNEL STRUCTURE 
CD SCHEME I . 
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APPENDIX E . CODE-DEPENDENT BINARY F I L E S ( C O N T D . ) - DCCOEF. 

CD KCHANG THE TOPMOST MESH INTERVAL IN EACH ZONE. 
CD KCHANG(NHMKZN)=KMAX. 
CD KDTM THE NUMBER OF UNKNOWN COMBINING COEFFICIENTS 
CD (AND THEREFORE EQUATIONS) ASSOCIATED WITH ONE 
CD MESH INTERVAL IN ZONE I. 
CD IVRFUN VERSION NUMBER OF FILE FOR FUNCTION J. 
CD SEE FUNNAM. 
C 
C 

C 
CP FLOATING POINT ARRAYS 
C 
CL ((FUNNAM ( I , J ) , 1 = 1 , 3 ) , J = 1 , MAXFUN) , ( T I T L E ( I ) , 1 = 1 , NTITLE) , 
CL 1 ( (U ( T , J , K ) , I = 1 , L G R 0 U F ) , J = 1 , NGROUP) ,K = 1 , 2) , E I G E N 
C 
CW 3*MULT*MAXFUN+MnLT*NTITLE+1 I F N C O L G P . E Q . 0 
CW 3*MULT*MAXFUN+MULT*NTITLE+2*LGROUP*NGROnP+1 I F NCOLGP.GT.O 
C 
CD FUNNAM NAME OF F I L E FOR FUNCTION J . 
CD TITLE USER INPUT T I T L E . 
CD U GENERAL GROUP COLLAPSING MATRIX FOR THE 
CD EXPANSION FUNCTIONS (K=1) AND WEIGHTING 
CD FUNCTIONS ( K = 2 ) . 
CD EIGFN SYNTHESIS EIGENVALUE. 
C 
CN D I S OMITTED WHEN NCOLGP=0-
C 
C 
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APPENDIX E . CODE-DEPENDENT BINARY F I L E S ( C O N T D . ) . DCCOEF. 

C 
CR COMBINING COEFFICIENTS 
C 
CL (A (I) ,1 = 1,LENA) 
C 
CW LENA 
C 
CD A SYNTHESIS COMBINING COEFFICIENTS, PACKED TO 
CD ELIMINATE ZEROS. 
CD LENA THE TOTAL NUMBER OF NONZERO COMBINING 
CD COEFFICIENTS. 
C 
CN THE DIRECT COMBINING C O E F F I C I E N T S , C C ( N , I , K ) , 
CN A S S O C I A T E D WITH EACH C O L L A P S E D GROUP ( N ) , 
CN E X P A N S I O N FUNCTION ( I ) AND AXIAL MESH INTERVAL 
CN (K) CAN EE UNPACKED FROM VECTOE A I N THE 
CN POLLCVING MANNER. 
CN 
CN 
CN 
CN N P T = 0 

CN 
CN 
CN 

I M F N S I C N C C ( L G R O U P , M A X F U N , K M A X ) 

CN K 2 = 0 
CN PO 20 L = 1 , N U M K Z N 
CN K 1 = K 2 + 1 
CN K^=KCHANG(L) 
CN DO 2 0 K = K 1 , K 2 
CN DO 2 0 M=1,MAXKNM 
CN I = T F L ( M , L ) 
CV I F ( T . E Q . O ) GO TO 2 0 

PO 10 N = 1 , L G R O U P 
C C ( N , I , K ) = 0 . 
I F ( I G P U S E ( N , I ) . E Q . O ) GO TO 2 0 
N P T = N P T + 1 CN N P T = N P T + 1 

CN C C ( N , I , K ) = A ( N P T ) 
CN 1 0 CONTTNUE 
CN 2 0 CONTINUE 
CV 
cn FOR THE ADJOINT COMBINING COEFFICIENT (IN THE 
CN ACCOEF FILE) USE IWT(M,L) INSTEAD QF IFL(r,L). 
C 
C 

CEOF 
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APPENDIX E. CODE-DEPENDENT BINARY FILES ( C O N T D . ) . D I F I N T . 

C*********************************************************************** 
C 
C PREPARED 1/27/76 AT ANL 
C 
CF DIFINT 
CE AXIAL LEAKAGE INTEGRALS FOR SYN3D 
C 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

CD NRCDIF NUMBER OF RECORDS IN DIFINT FILE (SEE 
CD SPECIFICATIONS RECORDS OF INTTOC F I L E ) . 

C 
CS FILE STRUCTURE 
CS 
CS .RECORD TYPE PRESENT jf 
CS =================================== =====================-
CS ******** (REPEAT FOR NRCDIF RECORDS) 
CS * INTEGRALS ALWAYS 
CS ******** 
C 
c 

c 
CR INTEGRALS 
C 
CL (X(I) ,I=1,LEN) 
C 
CW MULT*LEN 
C 
CD X A DIF INTEGRAL- SEE THE INTEGRAL TABLE OF 
CD CONTENTS IDIFTB IH THE INTTOC F I L E . 
CD LEN RECORD LENGTH. LEN=LENDIF ( I ) FOR RECORD I 
CD LENDIF SEE FIXED POINT ARRAYS IN INTTOC F I L E . 
CD 
CD THE DIF INTEGRALS AEE STORES IN THE FOLLOWING 
CD FORMS. 
CD IF NSTDIF = 0 (ONLY IF THE DIF MATRIX IS 
CD BLOCK DIAGONAL) . 
CD ( ( (DIF (I,J,K) ,1=1,NUMCHN (NCHAN(K,IW))) , 
CD J=1,NUMCHN(NCHAN(K,IE))),K=1,LGROUP) 
CD TE NSTDIF = 1 
CD ( ( ( ( D I F ( I , J , K , L ) , I = 1 ,NUMCHN(NCHAN(J,IW))) , 
CD J= 1,LG PGUP, K = 1 , NUMCHN (NCHA N (L , IE) ) ) , 
CD L=1,LGROUP) 
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APPENDIX E. CODE-DEPENDENT BINARY FILES (CONTD.). DIFINT. 

CD 
CD IW WEIGHTING FUNCTION IDENTIFIER 
CD (1.LE.IH.LE.MAXFUN). 
CD IE EXPANSION FUNCTION IDENTIFIER 
CD (1.LE-IE.LE.MAXFUN). 
CD IP PLANAR GEOMETRY IDENTIFIEP (1-LE.IP.LR.MAXPLN) 
C 
CN SEE THE INTTOC FTLE DESCRIPTION FOP 
CN DEFINTTICNS OF THE OTHER VARIABLES. 
C 
C 

CEOF 
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APPENDIX E. CODE-DEPENDENT BINARY FILES (CONTD-) . INTTOC. 

C*********************************************************************** 
C 
C PREPARED 1/27/76 AT ANL 
C 
CF INTTOC 
CE TABLE OF CONTENTS (TOC) FOR SYNTHESIS INTEGRAL 
CE DATA SETS VOLINT AND DIFINT 
C 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

NUMBER OF AXIAL MESH INTERVALS. 
NUMBER OF ENTRIES IN THE IDIFTB TABLE. 
LENGTH OF DLZRAT ARRAY. 
NUMBER OF ENERGY GROUPS AFTER COLLAPSING. 
NUMBER OF ENTRIES IN THE IVOLTB TABLE-
NUMBER OF FUNCTION FILE NAMES IN TOC. 
THE MAXIMUM NUMBER OF WEIGHTING FUNCTIONS USED 
IN A SINGLE ZONE, OR THE MAXIMUM NUMBER OF 
EXPANSION FUNCTIONS, WHICHEVER 13 LARGER. 
MAXKNM.LE.MAXDSE. 
NUMBER OF PLANAR GEOMETRY FILE NAMES IN TOC. 
THE NUMBER OF CHANNEL STRUCTURE SCHEMES. 
NCOLGP = 0 FOR GROUP DEPENDENT SYNTHESIS. 

= 1 FOP GENERAL GROUP COLLAPSING. 
= 2 FOR SPECIAL GROUP COLLAPSING. 

NUMBER OF ENERGY GROUPS BEFORE COLLAPSING. 
NUMBER OF RECOPDS IN THE DIFINT FILE. 
NUMBER OF RECORDS IN THE VOLINT FILE. 
NSCALE = 1 IF USER SUPPLIED SCALING FACTORS 

ESCALE AND H S C A L E ARE TO BE 
APPLIED. 

= 0 IT̂- NOT TO BE APPLIED. 
THE NU1BER OF A6 WORDS USED TO STORE THE 
TITLE. 
THE NUMBER OF AXIAL ZONES IN THE MODEL- THERE 
IS A NEW ZONE WHEN EITHER THE PLANAR GEOMETRY 
OF THE FUNCTION SETS CHANGE. 

C 
CS FILE STRUCTURE 
CS 
CS RECORD TYPE PRESENT IF 
CS ========= = = == = ========== ==== === = = = = = = ======== = = = = = = = = ==-
CS FILE IDENTIFICATION ALWAYS 
CS SPECIFICATIONS ALWAYS 
CS FIXED POINT ARRAYS ALWAYS 
CS FLOATING POINT ARRAYS ALWAYS 
CS VOLINT TOC ALWAYS 
CS DIFINT TOC LPIFTB.GT.O 
CS SCALING FACTORS NSCALE.EQ.1 
CS BOUNDARY CONDITION CONSTANTS ALWAYS 
C 
C 

CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 

KMAX 
LDIFTB 
LENDLZ 
LGROUP 
LVOLTB 
MAXFUN 
MAXKNM 

MAXPLN 
NCHNST 
NCOLGP 

NGROUP 
NRCDIF 
NRCVOL 
NSCALE 

NTITLE 

NUMKZN 
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C 
CR FILE IDENTIFICATION 
C 
CL HNAME,(HUSE(I),1=1,2),IVERS 
C 
CW 1+3*MnLT 
C 
CD HNAME HOLLERITH FILE NAME - INTTOC - (A6). 
CD HUSE HOLLERITH USER IDENTIFICATION (A6). 
CD IVERS FILE VERSION NUMBER. 
CD MULT WORD LENGTH PAPAMETEP. 
CD MULT=1, A6 WORD IS SINGLE WORD. 
CD =2, A6 WORD IS DOUBLE PRECISION WORD. 
C 
C 

c 
CR SPECIFICATIONS 
C 
CL T O T P O W , E P S , P O W F T S , X E P S , I ' ? C X L , I B C X U , I P C Y L , I B C Y U , I B C Z L , I B C Z D , 
CL 1 I B N D C H , I G E 0 M , I M A X , J M A X , K M A X , L D I F T B , L E N A . L E N D L Z , L E N F L U , L E N I N T , 
C L 2 L E N P 0 W , L G R O U P , L V O L T B , M A X C H N , M A X C M P , M A X D I M , M A X D N , M A X F U N , M A X K N M , 
CL 3 M A X M D , M A X P L N , M A X R B G , M A X S I Z , M A X U P , M A X U S E , N C A I C , N C H N S T , N C O L G P , 
C L 4 N F L U N I , N G R O U P , N R C D I F , N R C V O L , N S C A L E , N S T D I F , N T I T L E , N T R T A G , 
CL 5 N T R I P T , N U M K Z N 
C 
CW 48 
C 
CD TOTPOW TOTAL POWER (VATTS)-
CD EPS A SMALL NUMBER USED IN TESTS FOR EQUALITY OF 
CD MESH INTERVALS. 
CD POWFIS NOT USFD. 
CD XEPS A SMALL NUMBER USED IN TESTS FOR ZERO CROSS 
CD SECTIONS. 
CD IBCXL THE LOWER X BOUNDAPY CONDITION. 
TD 
CD 1 - ZERO FLUX. 
CD 2 - REFLECTIVF. 
CD 3 - EXTRAPOLATED, C*D*DEL PHI + PHI = P. 
CO 4 - PERIODIC WITH O P P O S I T F BOUNDARY. 
CD 5 - PERIODIC WITH NEXT BOUNDARY GOING 
CD CLOCKWISE. 
CP 6 - PERIODIC WITH NEXT BOUNDARY GOING 
CD COUNTERCLOCKWISE. 
CÎ  7 - PERIODIC, INVERTED ALONG SAME BOUNDARY. 
CD 
CD IBCXU THE UPPFR X BOUNDARY CONDITION. 
CD IBCYL THE LOWER Y BOUNDARY CONDITION. 
CD IBCYU THE UPPFR Y BOUNDARY CONDITION. 
CD IRCZL THE LOWER Z BOUNDARY CONDITION. 
CD IBCZU THE UPPER Z BOUNDARY CONDITION. 
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CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CP 
CP 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CD 
CP 
r 
C 

TBNDCH 

IGEOM 
IMAX 

IMAX 

LENA 

LENFLU 
LENINT 

LENPOW 
MAXCHN 

MAXCMP 

MAXDIM 

MAXDN 
MAXMP 

MAXREG 

MAXSIZ 
MAXUP 
MAXUSE 

NCALC 

NFLUNI 
NSTDTF 
NTRTAG 
NTRIPT 
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LOWEST ENERGY GROUP (AFTER GROUP COLLAPSING) 
FOR WHICH THERE IS A NONZERO CHI. 
PLANAR GEOMETRY TYPE SENTINEL. 
THE NUMBER OF MESH INTERVALS IN THE 
FIRST (X) DIRECTION. 
THE NUMBER OF MESH INTERVALS IN THE 
SECOND (Y) DIRECTION. 
THE STORAGE REQUIRED FOE THE COMBINING 
COEFFICIENTS. 
LENGTH OF THE ARRAY FLUX IN OVERLAY SOLVE-
THE MAXIMUM RECORD LENGTH FOR VOLINT AND 
DIFINT INTEGRAL FILES-
LENGTH OF THE ARRAY POW IN OVERLAY SOLVE. 
THE MAXIMUM NUMBER OF CHANNELS IN ANY CHANNEL 
STRUCTURE SCHEME. MAXCHN.EQ.THE LARGEST 
VALUE OF NUMCHN(I),1=1,NCHNST. 
THE NUMBER OF MATERIALS REPRESENTED IN THE 
INPUT CROSS SECTION FILF-
THE LARGEST DIMENSION OF ANY MATRIX USED IN 
THE SOLDTION. 
MAXIMUM NUMBER OF DOWNSCATTERING GROUPS. 
THF LARGEST DIMENSION OF AN INPUT MATRIX (THE 
LARGEST NUMBER OF GROUP-CHANNEL COMBINATIONS 
FOR A SINGLE FUNCTION). MAXMD**2 TS THE 
MINIMUM SPACE REQUIRED FOE A RECORD OF 
REWRITTEN INTEGRALS. 
THE MAXIMUM NUMBER OF REGIONS ASSOCIATED WITH 
ANY OF THE PLANAR GEOMETRIES. 
THE LENGTH OF THE BPOINTER CONTAINER ARRAY-
MAXIMUM NUMBER OF UPSCATTERING GROUPS. 
MAXIMUM NUMBER OF INPUT FUNCTIONS USED ANY-
HHERE IN THE MODEL AS EXPANSION FUNCTIONS OR 
WEIGHTING FUNCTIONS, WHICHEVER IS LARGER. 
MAXUSE.LE.MAXFUN. 
CALCULATION TYPE SENTINEL. SEE TYPE 2 CARD 
OF SYNFIL. 
A BOGUS FILE NUMBER FOE THE UNIT FLUY. 
FORMAT SENTINEL FOR DIFINT FILE. 
TRIANGULAR MESP SENTINEL. 
SECONDARY TRIANGULAR MESH SENTINEL. 
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C 
CR FIXED POINT ARRAYS 

CL (IBNDSI(I) ,1=1,LGROUP) , (IBNDS2 (I) , I = 1 , LGROUP) , 
CL 1 (IBNDFI (I) ,1=1, MAXPLN), (LENVOL (I),1=1,NRCVOL), „.^^„„, 
CL 2(LENDIF(T) , 1= 1, NRCDIF) , ( (TGPUSE (N, J ) , N= 1 , I GROU P) , T-1 , MA X F" N) , 
CL 3 ((IWT(J,K) ,J=1, MAXKNM) ,K=1, NUMKZN) , 
CL 4 ((IFL(J,K) ,J=1, MAXKNM) ,K=1,NUMKZN) , 
CL S ( ( N C H A N ( N , J ) , N = 1 , L G P C U P ) , J = 1 , M A X F U N ) , ( N U M C H N ( I ) , 1 = 1 , N C H N S T ) , 
CL 6 ( K C H A N G ( I ) , 1 = 1 , N U M K Z N ) , ( K G E O M ( I ) , 1 = 1 , N U M K Z N ) , 
CL 7 ( I V R F U N ( J ) , J = 1 , M A X F U N ) , ( I V R P L N ( J ) , J = 1 , M A X P L N ) 

CW 2 * L G R O U P + 2 * M A X ? L N + N R C V O L + N R C D T F + 2 * L G R O D P * M A X t n N + 2 * M A X K N M * N U M K Z N 

CW + N C H N S T + 2 * N U M K Z N + H A X E U N 

C 
CP I B N D F I THE P O S I T I O N I N COLUMN I CF THE GROU? 
CD " COLLAPSED SCATTERING MATRIX OF THE TOPMOST, 
CD NONZERO FLE«^ENT. E Q U T V A L E N T TO LO-^-SCT WHEN 
CD THERE I S NO '^ROUP COLLAPSTNG. 
CD TBNDS2 THE P O S I T I O N IK COLUMN I OF THF G^OUP 
CD COLLAPSED SCATTERING MATRIX OF THE BOTTOM, 

CD NONZERO ELFMFNT. 
CD THNP^'I LOWEST ENERGY GPOUP (AFTER GROUP C O L L A P S I N G ) 
CD FOR WHICH THERE I S A NONZERO ETS^TON CROSS 
CD SECTION FOR PLANE I . A ZERO MEANS NO F I S S I O N . 
CD LENVOL LENGTH OF RECORD I OF THE VOLTN'^ F T I ' ' . 
CD L E N D I F LENGT-:^ OF RECORD I OF D I F I N " ' FIL'- ' . 
CD TGPUSE A PROJECTION MATRIX ( E L E M F N T ; - A'̂  E 0 OP 1) 
CD S H C ' I N G 'iHTCH GROUP F L n X F S -^F EACH FUNCTION 
CD ARF TO BE 'JSEP ( 1 ) OR OMITTED ( 0 ) . 
CD IWT THE -iEIGHTING FUNCTIONS USED IN ZONE y. I E 
c n THERF APE FF'JFF T H A . N M « X K N ^ , T ' ' F O - " H F R E N T " ^ I F S 

CD FOR A PARTICULAR ZONE APE ZERO. 
CD TFL THE EXPANSION FUNCTIONS U S F ^ T'>' 7 0 N F K. TF 
CD THERE APE F E J F " THAN MAXKNM, THE o r ^ i i R E S ' T R ^ f s 
CD FOR A P A R T I C n i A R ZONE ARE ZERO. 
CP NCHAN CHANNEL SCHEMF ASSIGNMENT FOP EACH G P O ' I D -
CD COLLAPSED GROUP F I H Y . 
CD NUMCHN NUMBER OF CHANNELS IN CHANNEL STRUCT' 'EE 
CD SCHEME T . 
CP KCHANG T H I TOPMOST MFSH T M E ^ V A L IN' "̂ A.C'J ' ' C N F . 
CD KCHANil (NUMKZN) =KMAX. 
CD KGEO^ THE GFOMETRY FOR MESH I N T E R V A L S K C H » N ^ ' T - 1 ) 
CD TO K C H I N G ( I ) . KCKANG(O) TS P F E I V E D TO "̂  F -| . 
CD TVEFUN VERSION NUMBER OF F I L E FOR F U N r n o N i . 
c n S E E F'JNNAM. 
CP IVPPLN VEPSTON N'lMRER OF '='ILF FOR PLA'IAP I'-E'^MFTRY J . 
CD S E E P L N N A M . 
C 
C-
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C 
CR FLOATING POINT ARPAYS 
C 
CL ((FUNNAM (I,J),1 = 1,3) ,J = 1,MAXFUN) , 
CL 1 ((PLNNAM (I, J) ,1=1,3) ,J=1, MAXPLN) , (TITLE (I) ,1=1, NTITLE) , 
CL 2 (( (U (I, J,K) ,1=1, LGROUP) ,J=1, NGROUP) ,K=1,2) , 
CL 3 (DLZRAT (I) ,1 = 1 ,LENDLZ) , (ZMFSH(K) ,K=1,KMAX) 

CW 3*MULT*MAXFUN+3*MULT*MAXPLN+MnLT*NTITLE+LENDLZ+KMAX 
C' IF NCOLGP. FQ-O. 
CW 3*^".UI.T*MAXFUN + 3*MULT*MAXPIN + MULT*NTITLE + LENDLZ + KMAX+2*LGROnp 
CW *NGROUF IF NCOLGP.GT.O. 
C 
CD FUNNAM NAME OF FILE FOE FUNCTION J. 
CD PLNNAM NAME OF FILE FOR PLANAR GEOMETRY J. 
CD TITLE USER INPUT TITLE. 
CP U GENERAL GROUP COLLAPSING MATRIX FOR THE 
CD EXPANSION FUNCTIONS (K= 1) AND WEIGHTING 
CD FUNCTIONS (K = 2). 
CD DLZRAT RATIO OF 2 ADJACENT AXIAL MESH INTERVALS. 
CD 
CD (LOWER/UPPER) 
CD 
CD 7MESH P O S I T I O N OF UPPER BOUNDARY OF A X I A L MESK 
CD I N T E R V A L K. 
C 
CN FUNNAM, PLNNAM AND T I T L E ARE DOUBLE P R E C I S I O N 
CN ARRAYS ON MULT=2 M A C H I N E S . 
CN 
CN I F N C O L G P = 0 , U I S NOT I N C L U D E D . 
C 
C 
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C 
CR VOLINT TOC 
C 
CL ( (TVOLTB(I ,K) , 1 = 1 , 7 ) ,K=1,LVOLTB) 
C 
CW 7*LV0LTB 
C 
CD IVOLTB TABLE OF CONTENTS FOR REM AND FIS INTEGRALS 
CD IN THE VOLINT F I L E . 
CD 
CD TV0LTB(1,K) = 1 FOR PEM INTEGRAI. 
CD = 2 FOR A FIS INTEGRAL. 
CD = 3 FOR A PO'-' INTEGRAL. 
CD = 4 FOE A FLUX INTEGRAL. 
CD IV0T.TB(2,K) THE RECORD OF THE VOLINT PILE 
CD CONTAINING THE INTEGRAL. 
CD = 0 IF THE INTEGEAL COULD NOT BE 
CD DONE. 
CO = -1 IF THE INTEGRAL COULD HAV^ 
CD BEEN DONE BUT FOP SOME REASON -
CD VAS NOT. 
CD IVCLTB(3,K) POINTER TO THE Fipt-T '-'OPD OF THE 
CD INTEGPAL ELOCK VITHTV THAT RECORD. -
CD IVCLTB(4,K) PLANAR GEOMETRY IDENTIFIEP. 
CD IVOLTBf5,K) WEIGHTING F U N C T T O N I D E N T T F T F R . 
CD TV0LTB(6,K) FypjusiON FUNCTION I P E N T T F I E F . 

CD IVOLTB(7,K) NUMBER OF RECORDS E F Q H I R P D FOP ALL -
CD THE INTEGRALS OF THIS COMBINATION. -
C 
C 
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C 
CS DIFINT TOC 
C 
CL ( (TDTFTH (I,K) ,1 = 1,8) ,K = 1,LDIFTB) 
C 
CW 8*LDTFTB 
C 
CD TDIFTB TABLE OF CONTENTS FOR D I F INTEGRALS IN 
CD DIFINT FILE. 
CD 
CD IPIFTB(1,K) RECORD OF THE DIFINT FILE 
CD CONTAINING THE INTEGRALS. 
CP IDIFTB (2,K) POINTER TO THE FIRST WORP OF THE 
CD INTEGRAL BLOCK " I T K I N THAT RECORD. 
CD TDIFTB(3,K) LOWER PLANAR GEOMETRY IDENTIFIER. 
CP = 0 FOR THF BOTTOM BOUNDARY 
CP INTEGPAL. 
CD TPTFTB(4,K) UPPFR PLANAR GEOMETRY IDENTIFIER. 
CD = 0 FOR THE TOP BOHNPARY INTEGRAL. 
CD IPIFTB(5,K) POINTER TO A MESH INTERVAL RATIO 
CD TN THE DLZRAT ARRAY. 
CP IDIFTP(6,K) WEIGHTING FUNCTION IDENTTFTEE. 
CP IPIFT3(7,K) EXPANSION FUNCTION IDENTIFIER. 
CP IDIFTB (8,X) NUMBER OF RECOEPS REOUIREP ''OR ALL 
CD ,THE INTEGRALS CF THIS COMBINATION. 
C 
C 

C 
CP SCALING FACTORS 
C 
CL ( (ESCAL'^ (T, J) ,T = 1 ,NGFCUP) ,J=1, MAXFUN) , 
CL 1 (('•'SCALE (I, J) ,1 = 1 ,NGECnp) , J= 1, MAXFUN) 
C 
C" 2*NGROUP*MAXFUN 
C 
CD ESCALF A USER SUPPLIED SCALING FACTOR FOP EACH GROUP 
CD OF FUNCTTON J VHFK FUNCTION J TS USFD AS AN 
CD EXPANSION FUNCTION. IT CAN ONLY HAVF AN EFFECT 
CD 'JHEN GPOUP COLLAPSING IS EMPLOYED. 
CD 'vSCALE A USER SUPPLIED SCALING FACTOR FOP EACH GROUP 
CD OF FUNCTION J WHEN FUNCTION J IS USED AS A 
CD WEIGHTING FUNCTION. IT CAN ONLY HAVE AN EFFECT 
CD V'HEN GROUP COLIAPSTNG IS EMPLOYED. 
C 
CN PRESENT ONLY IF NSCALE.EQ.1. 
C 
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C - -
CR 
C 
CL 
C 
CW 
C 
CR 
CD 
C 
C - -

flOUNDARY CONDITION CONSTANTS 

( (C ( T , J ) , 1 = 1 , 6 ) , J = 1 , NGROUF) 

6 * N G R 0 U P 

C CONSTANT I N THE HOMOGENEOUS BOUNDARY C O N D I T I O N 
E X P R E S S I O N DEL P H I + C * P H I = 0 . 

CEOF 
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C*********************************************************************** 
C 
C FRFPARED 1/27/76 AT ANL 
C 
CF REQFLX 
CF THIS IS A SCRATCH FTIE CONTAINING THE GROUP FLUXES, 
CE MESH SPACING AND COMPOSITION MAPS FOR RANGES OF THE 
CE X AND Y MESH. ALL THE GROUP FLUXES AND PLANAR 
CE COMPOSITION MAPS REQUIRED FOR THE SYNTHESIS INTEGRAL 
CE CALCULATION ARE INCLUDED 
C 
c * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

CP 
CR 

L E EO E 
LENFLY 

NUMBER OF RECORDS IN THE EEOELX F I L F , 
RECORD S I Z E FOR REQFLX. 

C 
CS F I L E STRUCTUT^E 
CS 
CS RECORD TYPE PI^ESENT I F 
cs =================================== =================== 
c s * * * * * * * * (REPEAT FOR LREQF RECORDS) 
CS * PA-^A ALWAYS 
r q * * * * * * * * 
C 
C 

c 
CP DATA 

CL ( ( ( (FLUX ( I , J , N, JDOEUK (L) ) , 1 = 1 1 , 1 2 ) , J = J 1 , J 2 ) ,N=1 ,NGROnp) , 
CL 1L=1 ,NnMFnN) , ( X ( I ) , 1 = 1 1 - 1 , 1 2 ) , (Y ( J ) , J = J 1 - 1 , J 2 ) , 
CL 2 ( ( (TCOMP ( I , J , JPOPLN (L) ) , 1 = 1 1 , 1 2 ) , J = J 1 , J 2 ) , L = 1 , NUMPLN) 
C 
CW TBAND*JEAND*(NGROUP*NUMFUN + NUMPLN)+1 BANP+JPAND+2 
C 
CD FLUX THE FLUX EOF MFSH INTERVAL (I,J), GROUP N, 
CD OF FUNCTION NUMBEP JDnFUN(L). UNTT F L U X E S 

CD ARE NO"" INCLUDED IN THE FILE. 
CD X THE X POSITION O'̂  THE MESK LINE SEPAps/^ING 
CD INTERVALS I AND 1+1. 
CP Y THE Y POSITION OF THE MESH TINE SEPARATING 
CD INTEPVALS I ANP J+1. 
CD TCOM? THE COMPCSLTTCN NUMBER IN MESH INTERNAL (T,J) 
CP OF PLANAR ^EOMFTPY NUMBER JPOPLN(L). 
CD 11,T2 THE FIRST AND LAST COLUMNS ASSOCIATED WITH A 
CD RECORD OF FLUXES. 12-11=lEAND-1 EXCEPT, 
CD PFRHAPS, WHEN T2 IS THE LAST COL''MN. FOR T H F 
CP FIRST RFCORD 11=0. 
CP 71,J"! THE FIRST AND LAST POKS ASSOCIATED VITH A 
CD RECORD OF FL " Y E S . J2-J 1=JEATD-1 EXCEPT, 
CD PERHAPS, WHEN J2 IS THE LAST PO''. FOR -"HE 
CD FTPS''' RECORD J1 = 0. 
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CD 
CP 
CD 
CD 
CD 
CP 
CD 
CD 
CP 
CD 
CD 
CD 
CD 
CD 
CD 
CP 
CD 
C 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
CN 
r 
C — 

TBAND 

.7 BAND 

JDOFUN 

JDOPI N 

NUMPLN 

NUMFUV 

THE NUMBER OF COLUMNS OF FLUXES •''N ONE RECORD -
OF THE REQFLX FIXE. 
THE NUMBER OF ROWS OF FLUXES IN ONE RECORD 
OF THE PEOFLX FILE. 
THE LIST OF FUNCTIONS PEQUIPED TO CALCULATE 
THE INTEGRALS, IN THE ORDER IN '-'tllCH THEY 
APPEAR IN THE REQFLX FILE. '.'HEN I"" IS PRESENT, -
THE UNTT FUNCTION IS LAST IN THE LIST. 
THF LIST OF PLANAR GEOMETRIES REOUIRED TO 
CALCULATE THF INTEGRALS. 
THF NUMBEP Q F PLANAR G E O M F T R T E S P E Q U I F E O TO 
CAICULATE THE INTEGRALS (NUMPLN.LE.MAXPLN). 
THE NUMBFR OF FUNCTIONS REQUI^EP •T> CALCULATE 
THE INTEGRALS. IF THF UNIT F O N C T T O N TS 
REQUIRED, TX TC INCLUDED IN NUr'='UN, '='VFN 
THOUGH NO SUCF' FLUX FILE IS EVER VPIT^-EN 
(NUMFUN.LE.MAXFUN). 

THE BLOCKS OF DATA OVERLAP ONE MESH INTERVAL 
IN THE X DIRECTION BUT DO NOT OVERLAP IN THE 
Y DIRECTION. THE RANGES OF X AND Y MFSH 
ASSOCIATED WITH EACH RECORD QF PEOELX A^E 
DEFINED TN THE F0LL01-"ING S E Q U F N C F , 

RECORP 
1 
2 

I I 
0 
0 

1 2 
TBAND-1 
IBAND-I 

J l 
0 

7 "̂  A *' 0 

IBAND-1 2 * ( I P A N D - 1 ) 

J 2 
JBAKD-1 

2*7BAND-1 

JBAND-1 -

CEOF 



CD 
CD 
CD 
CD 

LREQX1 

LREQX2 
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C************************ *********************************************** 
C 
C PREPARED 1/27/76 AT ANL 
C 
CF REQXST 
CE THIS IS A SCRATCH FILE CONTAINING THE MACROSCOPIC CROSS 
CE SECTIONS REQUIRED FOP DOING THE SYNTHESIS INTEGRALS 
C 
(-:t:*** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

NUMBER OF RECORDS OF THE REQXST FILE EXCLUDING 
DIFFUSION COEFFICIENTS. 
NUMBER OF RECOPDS OF THE REQXST FILE CONTAINING 
0^aY DIFFUSION COEFFICIENTS. 

C 
CS FILE STRUCTURE 
CS 
CS RFCORD TYPE PRESENT I F 
CS = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = = : 
CS * * * * * * * * (REPEAT FOR LREQX1 RECORDS) 
CS * FISSION AND REMOVAL DATA LPEQX1.GT.0 
CS * * * * * * * * 
CS * * * * * * * * (REPEAT FOR LREQX2 RECORDS) 
CS * DIFFUSION COEFFICIENTS LRFQX2.GT.0 
CS * * * * * * * * 
C 
c 

c 
CR FISSION AND REMOVAL DATA 
C 
CL ( (SIGMA (T , J) , T = 1 , L X S T 1 ) , J = 1 , L X 3 T 2 ) 
C 
C'l LXST1*LXST2 
C 
CP LXST1 THE NUMBER OF CROSS SECTION DATA PER 
CD COMPOSITION, FOR RECORDS CF REQXST 
CD CONTAINING F I S S I O N AND REMOVAL DATA. 
CD LX3T1=LENSCT+3*NGPOUP 
CD LENSCT THE NUMBER OF DATA IN THE REMOVAL CROSS 
CP SECTION MATRIX- THE MATRIX "''3 STORED IN 
CD PACKED FORM, EXCLUDING ENTRIES OUTSIDE 
CD TWE SCATTERING BAND. 
CD LENSCT=NGROUP+ (MAXUP* (2*NGR0UP-MAXUP-1) 
CD +MAXDN* ( 2 * N G R 0 n P - M A X D N - 1 ) ) / 2 
CD LXST2 THE NUMBER OF COMPOSITIONS PER RECORP, FOR 
CD RECORDS OF REQXST CONTAINING FISSION AND 
CD REMOVAL DATA. 
CD MAXDN MAXIMUM NUMBER OF DOWNSCATTERING GROUPS. 
CD MAXUP MAXIMUM NUMBER OF UPSCATTERING GROUPS. 
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APPENDIX E. CODE-DEPENDENT BINARY FILES (CCNTP.) . REQXST-

CD SIGMA FISSION AND REMOVAL DATA FOR REQUIRED 
CD COMPOSITIONS. REQUTRED COMPOSITIONS 1 THROUGH 
CD LXST2 ARE TN THE FIRST RFCOPD OF REQXST, 
CD REQUTRED COMPOSITIONS LXST2+1 THROUGH 2*LXST2 
CD IN THE SECOND, ETC. THE ACTUAL (COMPXS) 
CD COMPOSITION NUMBER FOP REQUIRED COMPOSITION 
CD NUMBER K IS JDOCMP(K)- FOR EACH COMPOSITION, 
CP THE REMOVAL MATRIX IS STORED FIRST (SEE THE 
CD DEFINITION OF LENSCT), FOLLOWEP BY VECTORS 
CD CONTAINING NU SIGMA F, CHI AND THE PO'̂ 'ES CROSS 
CD SECTION. SCATTERING CROSS S E C T T Q N S INTO A 
CD GROUP APPEAR AS NEGATIVE NUMBERS IN THE 
CD REMOVAL MATRIX. 
CD JDOCMP THF LIST CF COMPOSITIONS FEOUIRED TO 
CD CALCULATE THE INTEGRALS. 
C 
C 

c 
CR DIFFUSICN CCEFFICTENTS 
C 
CL (( (D(I,J,K) ,1 = 1 ,3) , J = 1,NUMCMP) ,'r=1,IXST3) 
C 
CW 3*NUMCMP*LXST3 
C 
CD LXST3 THE NUMBER OF GROUPS PEP RECORD FOR R P C O R D S 

CP CONTAINING ONLY DIFFUSION CORFFTCTPNTS. 
CD NUMCIIP THF NUMBER OF MATERIALS FCfa VHICH CPOSS 
CD SECTIONS ARF PFQUIRFD VHFN THE I»:'"EGFALS APE 
CD CALCULATED (NUrCM F. LE. H AXCMP) . 
CD P THE DIFFUSION COEFFICIEK"' FOR EBCI' OF THRFP 
CD DTRFCTIONS FOP ALL REQUIPFC COM POS "':TTO>J«̂ . ALL 
CD THE DATA FOP GROUPS 1 THRCGH IXST3 ARE STORED 
CD IN THE FIRST DIFFUSION C O F E F I C T E K T RFCORD, 
CD GROUPS LXST3+1 THPOUGH 2*LXST3 IN '"HE SECOND, 
CD ETC. 
C 
C 

CEOF 
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A P P E N D I X E . C O D E - D E F E N D E N T B I N A R Y F I L E S ( C O N T D . ) . S Y N C O N . 

C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

C 
r PREPARED 1 / 2 7 / 7 6 AT ANL 
C 
CF SYNCON 
CE A BINARY FILE CONTAINING THE DATA IN THF BCD FILE 
CE SYNFIL. THIS I S A SCRATCH FILF WRITTEN IN OVERLAY 
TF CAPDS OF SYN3D 
C 
C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

C 
CS F I L E S T R U C T U R E 
CS 
CS PECOPD TYPE PRESENT IF 

CS M1XIMUM CARD TYPE AL'-TAYS 
C3 CARDS PER CARD TYPE ALWAYS 
CS ******** (REPEAT FOR EACH INPUT 
CS * SYNFIL CAPE) 

CS * SYNFIL CARD DATA AL'-'AYS 

CS ******** 
C 
r 

C 
C 
C?* MAXTMUM CARD TYP'=' 
r 
CL MAXREC 
C 
C'̂ - 1 

C 

rp MA^TREC MAXIMUM CARD T Y P F NUMBER CF S Y N F I L I N P U T . 
C 
C 

r 
CR C A R P S PE'R CARD T Y P E 
C 
CL ( N P E r ( T ) , 1 = 1 , M A X R E C ) 
C 
C W -1 A XR EC 

C 

CD NREC NUMBER OE RECORDS (CAEDS) 0'̂  CARD TYPE T 
CD INCLUDED IN SYNFIL INPUT. 
C 
C 
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APPENDIX E . COPE-DEPENDENT BINARY F I T E S ( C O N T D . ) SYNCON. 

C - -
CR 
C 
CN 
CN 
CN 
CN 
C 
C - -

S Y N F I L CARD DATA 

EACH RECORD OF T H I S TYPE CONTAINS THE DATA ON 
ONE CARP OF THE S Y N F I L I N P U T , EXCLUDING THE 
CARD TYPE NUMEFR. THE CARDS MflS"" U2 T N O R D F R 
OF ASCENDING CARD TYPE N U M E F R . 

CEOF 
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APPENDIX F . CODE-DEPENDENT BINARY F I L E S ( C O N T D . ) . VOLINT. 

C*********************************************************************** 

C 
C PREPARED 1/27/76 AT ANL 
C 
CF VOLINT 
CE REMOVAL, FISSION, PO'v'ER AND FLUX INTEGRALS FOR SYN3D 
C 
C******************************* **************************************** 

CD NRCVOL NUMBER OF RECORDS IN VOLINT FILE. (SEE 
CD SPECIFICATIONS RFCORD OF INTTOC FILE). 

C 
CS FILE STRUCTURE 
CS 
CS RECORD TYPE PRESENT IE 

CS ******** (REPEAT FOR NRCVOL RECORDS) 
CS * TN'''EGRAIS AL'7AYS 
CS ******** 
c 
c 

c 
CH INTEGRALS 
C 
CL (X ( I ) , 1 = 1 , LEN) 
C 
C MULT*LFN 
C 
CD X A F T S , PFM, POW OR FLUX INTEGRAL. SEE T^E 
CD INTEGRAL TABLE OF CONTENTS IVOLTE IN THE 
CD TNTTOC F I L F . 
CD LEN RECORD LENGT". LEK=LENVOL (T) FOR RECORP T. 
CP LENVOL SEE FIXED POINT ARRAYS IN TNTTOC F T L E . 
CD 
CP THE F I S INTEGRALS ARE STORED 
CD ( ( ( ( E I S ( T , J , K , L ) ,1=1,NUMCHN (NCHAN ( J , I W ) ) ) , 
CD J = 1 , T B N D C H ) , K = 1 , N U M C H N ( N C H A N ( L , I E ) ) ) , 
CD L = 1 , IBNDFI ( I P ) ) 
CD THE REM INTEGRALS AEE STORED 
CD ( (( (REM(T, J,K,L) ,I=1,NU'"CHN (NCHAN (J,IW) ) ) , 
CD J=TBNDS1 (L) , I B N D S 2 (L) ) , 
CD K= 1,NUMCHN (NCHAN ( L , T E ) ) ) , L = 1 , L G R O U P ) 
CP "^HE POV] INTEGRALS APE STORED 
CD ( (PO'.' ( I , J ) , 1 = 1 , NUMCHN (NCHAN ( J , I F ) ) ) , 
CD J = 1 , T B N D F I ( I P ) ) 
CD THE FLUX INTEGRALS ARE STORED 
CP ( (FLUX ( I , J ) , 1 = 1,NUMCHN ( N C H A N ( J , T E ) ) ) , 
CP J = 1 , LGROUP) 
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APPENDIX E . CODE-DEPENDENT BINARY F I L E S ( C O N T D . ) . VOLTNT. 

CD 
CP IW WEIGHTING FUNCTION IDENTIFIER 
CP (1.LE.TW.LF.MAXFUN). 
CD IE EXPAMSION FUNCTION IDENTIFIER 
CD (1 .LE. IE.LE. MAXFUN) . 
CD TP PLANAR GEOMETRY IDENTIFIEP (1.L".I P.LE.MA XPLN) 
C 
CN SEE THE TNTTOC FILF DESCKlPTICN FOR 
CN PEFINITTONS OF THE OTHER VARTA^^L^S. 

C 
C 

CEOF 
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APPENDIX F. SYN3D ERROR MESSAGES. ERRORS ARE IDENTIFIED BY SUBROUTINE 
NAME AND ERROR NUMBER. 

DESCRIPTION 

THE CODE CANNOT HANDLE THE GEOMETRY TYPE SPECIFIED 
IN THE INPUT GEODST FILE. 

AN OUTPUT GEODST FILE CANNOT BE VRITTEN. 
THERE IS NO INPUT SYNFIL FILE. 
THERE ARE NO INPUT CARDS. 
THERE ARE NEITHER TYPK 4 AND 5 CARDS NOR AN 

INPUT GEODST FILE. 
AN OUTPUT SYNCON FILE CANNOT BE WRITTEN. 
CODE BUG. THE OUTPUT INTEGRALS FOR A SINGLE 

COMBINATION APE TOO BIG FOP THE SPECIFIED 
RECORD LENGTH. INCREASE LENINT. 

CODE BUG. 
SAME AS 50. 
CODE BUG-
CODE BUG. 
THERE IS NOT ENOUGH SPACE IN THE BPOINTEP 

CONTAINER TO HOLD THE MATRICES GENERATED IN 
THE SOLUTION ROUTINE. 

CODE BUG-
NO COMBINING COEFFICIENT DATASETS EXIST. 
THERE TS NO INTEGRAL DATASET AVAILABLE. 
THERE TS NO TNTTOC DATASET AVAILABLE. 
TO CALCULATE THE PERTURBATION DENOMINATOR BOTH 

DCCOEF AND ACCOEF FILES MUST DE AVAILABLE. 
SUCH IS NOT THE CASE-

EDT'"S 82 THE BPOINTER CONTAINER IS NOT LARGE ENOUGH TO HOLD 
ALL THE DATA REQUIRED TO CCNSTPUCT AN OUTPUT 
FLUX INTEGRAL FILE. 

EDITS 102 THE BPOINTER CONTAINER JS NOT LARGE ENOUGH TO HOLD 
ALL THE DATA REQUIRED TO CONSTRUCT AN OUTPUT 
POWER FILF. 

FILLUP 40 CODE BUG. MISSING DIFINT INTEGRAL. 
FTLLUP 130 CODE BUG. MISSING DIFINT INTEGRAL. 
FILLUP 160 CODE BUG. MISSING DIFINT INTEGRAL. 
FTLLUP 220 CODE BUG. MISSING VOLINT INTEGRAL. 
FTLLUP 260 CODE BUG. MISSING VOLINT INTEGRAL. 
FILLUP 340 CODE BUG- MISSING DIFINT INTEGRAL. 
FLUX3D 10 AN OUTPUT FILF CANNOT BE WRITTEN. 
FLnx3P 12 THE CROSS SECTION FILE XSCMTN IS NOT AVAILABLE. 
FLUX3D 62 A REQUIRED EXPANSION FUNCTION FILE TS NOT AVAILABLE. 
HHG4C 1 A FATAL ERROR HAS BEEN ENCOUNTERED DUPING THE CPOSS 

SECTION PROCESSING. 
INPROl 10 THETE IS A SYNFTL CARD TYPE NUMBER GPEATE'' THAN 

•"HE LARGEST DEFINED. 

3UBR. 

BRKUP 

BRKUP 
CARPS 
CARDS 
CARDS 

CARPS 
DECIDE 

DECIDE 
DECIDE 
DECIDE 
DECIDE 
DTVVY 

PTVVY 
EniTS 
EDITS 
EPTTS 
FPTTS 

NUMBER 

10 

152 
12 
14 

222 

410 
50 

52 
130 
134 
232 
48 

110 
16 
20 
26 
60 



INPROl 
INPROl 
INPROl 
INPROl 

62 
68 
72 
74 
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APPENDIX F. SYN3D ERROR MESSAGES. CONTINUED. 

INPROl 28 THERE ARE MORE THAN ONE TYPE 2 CARDS. ALL BUT THE 
FIRST ARE IGNORED-

TNPR01 34 THE BOUNDARY CONDITIONS HAVE BEEN CHANGED SINCE THE 
INPUT INTEGRALS WERE CALCULATED. SOME OF THE 
INTEGRALS MAY NO LONGER BE CORRECT. 

INPROl 44 THERE ARE MORE THAN ONE TYPE 3 SYNFIL CARDS. ALL 
BUT THE FIRST AEE IGNORED. 

THERE IS NO TYPE 5 SYNFIL CARD. IT TS REQUIRED. 
A REQUIRED GEOMETRY FILE IS MISSING. 
A PEQUIPED GEOMETRY FILE IS MISSING. 
THE LABEL ON A GEOHETPY FILE DOES NOT MATCH THE 

LABEL ON THE FILE VHEN THE INPUT INTEGRALS 
WERE CALCULATED. IF THE GEODST PILE HAS BEEN 
RECONSTPDCTED APE YOU SURE NO CHANGES HAVE 
BEEN MADE IN THE CONTFNT. 

INPROl 76 THE LOWER X BOUNDARY CONDITION READ FROM AN INPUT 
GEODST FILE IS NOT ALLOWED OR, IN THE CASE OF 
PERIODIC CONDITIONS, IS INCONSISTENT. 

INPROl 78 THE UPPER X BOUNDAPY CONDITION READ FROM AN INPUT 
GEODST FILE TS NOT ALLOWED OR, IN THE CASE OF 
PERIODIC CONDITIONS, IS INCONSISTENT. 

INPROl 80 THE LOWER Y BOUNDARY CONDITION READ FROM AN INPUT 
GEODST FILE IS NOT ALLOWED OR, IN THE CASF OF 
PERIODIC CONDITIONS, IS INCONSISTENT. 

INPROl 82 THE UPPER Y BOUNDARY CONDITION REAP FROM AN INPUT 
GEODST FILE IS NOT ALLOVED OP, IN T'̂ E CASE OF 
PERIODIC CONDTTIONS, IS INCONSTSTEKT, 

INPROl 104 THE BOUNDARY SYMBOL ON A TYPE 6 SYNFIL CARD IS 
UNRECOGNIZABLE. 

INPPOI 108 THE GROUP NUMBERS ON A TYPE 6 SYNFIL CA'>D ARE 
EITHER OUT OF SEQUENCE OR EXCEED THF TOTAL 
NUMBEP OF GROnps. 

INPR01 140 THERE IS NO FUNCTION NAME ON THE FIRST -̂ YNFIL 
•"YPE 7 CARD. 

INPROl 148 A REQUIRED EXPANSION FUNCTION FLUX FILE IS MISSING. 
TNPROI 154 A REQUIRED EXPANSION FUNCTION Finx FTLL T5 MISSING! 
INPROl 160 THE LABEL ON » FLUX FILE DOES NOT MATCH -"HE LABEL OV 

THE FIIE WHEN THE INPUT IN-'-FGRALS VFRF 
CALCULATED. IF THF RTFLUX FILE HAS HFEN 
RECONSTRUCTED ARE YOU S'JPE NO CHANGES HAVF 
BEEN MADE TN THE CONTENT. 

THERE IS NO FUNCTTON NAME ON THE FIRS" SYNFIL Ty^E 
8 CARD. 

A REQUIRED "ETGHTING FUNCTION FLUX FTLF IS MISSING. 
A REQUIRED WEIGHTING FUNCTION FLUX FILE TS MISSTNG' 
THE LABEL ON A FLUX FTIE DOES NOT MATCH THE LABEL ON 

THE FILE WHEN THF INPUT INTEGRALS "FRE 
CALCULATED. IF THE RTFLUX FILE HAS BEEN 
RECONSTRUCTED ARF YOU SURE NO CHANGES HAVF 
BEEN MADE TN THE CONTENT. 

INPPOl 

TNPROI 
TNPROI 
INPROl 

182 

188 
194 
200 
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APPENDIX F. SYN3D ERROR MESSAGES. CONTINUED. 

INPROl 243 PLANAR GEOMETRY FILES HAVE NOT BEEN DEFINED FOR ALL 
AXIAL MESH INTERVALS. 

INPPOI 256 WHEN THERE ARE INPUT INTEGRALS T H E OLD GROUP 
COLLAPSING SCHEME IS AUTOMATICALLY USED. 
SYNFIL MUST CONTAIN NO CARDS OF TYPE 9-12. 

INPROl 262 WHFN THERE ARE NO TYPF 9 CARDS THERE CANNOT BE 
ANY TYPE 10 CARDS. 

INPPOI 278 THE GROUP NUMBERS ON A TYPE 9 CARD ARE EITHER OUT 
OF SEQUENCE OP EXCEED THE TOTAL NUMBER OF 
GROUPS. 

INPROl 294 SAME AS 278, BUT FOR A TYPE 10 CARD. 
INPROl 298 THE NUMBEP OF COLLAPSED GROUPS IS DIFFERENT FOR 

EXPANSION AND WEIGHTING FUNCTIONS. 
INPROl 302 MORE THAN ONE TYPE OF GROUP CCILAPSTNG IS SPECIFIED. 

IT CAN EE SPECIAL QP GENERAL, BUT NOT BQTH. 
•'NPROI 308 A TYPE 2 CARD MUST BE PROVIDED WITH THE PARAMETER 

I GROUP SPFCIFIED. 
INPROl 312 THERE IS A WRONG AMOUNT OF DATA ON A TYPE 11 CARD. 
INPPOI 328 GENERAL GROUP COLLAPSING IS SPECIFIED FOR THE 

WEIGHTING FUNCTIONS BUT NOT FOR THE EXPANSION 
FUNCTIONS. 

INPPOI 334 THERE IS A WRONG IMOUNT OF DATA ON A TYPE 12 CARD. 
TNPROI 346 TWE FUNCTTON NAME ON A SYNFIL TYPE 13 CARD DOES 

NOT MATCH ANY FUNCTION SPECIFIED ON CARD 
TYPES 7 AND 8. 

TNPROI 354 THE GROUP NUMBERS CN A TYPE 13 CARD ARE ENTERED 
INCORRECTLY. 

TNPROI 382 THERE ARE INPUT INTEGRALS,AND SCALING TS SPECIFIED 
ON TYPE 14 AND/OR 15 CAPPS. MAKF SURE THE 
SCALING 13 THF SAME AS '.:PEN THF INPUT INTEGPAL S 
WERE CALCULATED. 

TNPROI 384 THE FUNCTTON NAME ON A TYPE 14 OR 15 CAPP DOES NOT 
MATCH ANY FUNCTIONS SPECIFIED ON CARD TYPES 
7 AND P. 

TNPROI 388 SCALING IS SPECIFIED FOR FUNCTIONS ASSOCIATED KITH 
THE INPUT INTEGRALS. THE ORIGINAL SCALING 
FACTORS WILL EE USED IF MOPE INTEGRALS ARE 
DONE. 

TNPROI 392 A GROUP NUMBER IS OUT OF RANGE ON A TYPF 14 OR 15 
CARD. 

INPPOI 6 10 THE SCATTERING BANDWIDTH HAS CHANGED SINCE THE 
TNPUT INTEGRALS WERE CALCULATEP, THEY CANNOT 
BE USED. 

TNPR04 62 A REQUIRED FLUX FILE IS NOT AVAILABLE. 
INFR04 64 A REQUIRED GEOMETRY FILE IS NO*" AVATLAPLE. 
INPF04 90 THERF TS NOT ENOUGH CONTAINER STORAGE "̂ 0 HOLD AN 

AN INPUT FLUX FILE. 



INTI 
TNT1 
INTI 
TNT2 
INT2 
INT2 
INT21 

142 
148 
180 
21 
24 
30 
1 

CODE 
CODE 
CODE 
CODE 
CODE 
CODE 
THE ( 
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APPENDIX F. SYN3D ERROR MESSAGES. CONTINUED. 

INTEG 12 THERE I S NEITHER AN INPUT INTTCC DATASET NQP A 
SYNFIL DATASET. 

INTEG 14 THERE I S NO MACROSCOPIC CPOSS SECTION DATASET. 
TNTFC 34 THE INITIAL STORAGE ALLOCATIONS ASSIGNED FY THF 

CODE TO SEVERAL ARRAYS APE FAR TOO SMALL THIS I S 
UNUSUAL. CHECK YOUR INPUT. 

TNTFG 116 NOT ENOUGH STORAGE IS AVAILABLE TO DO THE TNTEGRATIO<f. 
INVERT 1 0 1 0 0 A MATRIX I S SINGULAR. POSSIBLE LINEAR DEPENDENCE 

PROBLEM. 
TNT1 1 1 0 THF CODE CANNOT YET HANDLE THIS PARTICULAR 

GEOMETRY TYPE. 
BUG. 
BUG. 
BUG. 
BUG. 
BUG. 
BUG. 

CODE CANNOT YET HANDLE THIS P A R T T C ' L A R 
GEOMETRY TYPE. 

m T 2 1 14 CODE BUG. THERE ARF MISSING COMPOSITIONS IN THE 
MATFRTAL TAP. 

SAME AS 1 4 . 
SAME AS 1 4 . 
SAME AS 1 4 . 
SAME AS 1 4 . 
SAME AS 1 4 . 
SAME AS 1 4 . 
SAME AS 1 4 . 
SAME AS 1 4 . 
THE CODE CANNOT YET HANDLE THIS PARTICULAR GEOMETRY 

TYPE. 
CODE BUG. 
CODE BUG. 
CODE BUG. 
CODE BUG. 
CODE BUG. 
CODE PUG-
NO FrjNCTIONS HAVE BEEN SPECIFTFP '="0h ON":" OF T H F 

ENERGY GROUP? AT SOME MESH POIWT. 
A ro'«BINTNG CrEF'='ICIEKT FILE (ACCOEF OP DCCOEF) 

CANNOT BE WRITTEN. 
A REQUIRED INTEC^AL I S NOT AVAILABLE. 
•"HE CARDS-PER-CARD-TYPF DATA I S -'RnNG. 
A PTRFCT COMBINING COEFFICIENT PLOT IS RFOUESTEP 

FOR A GROUP NUHBLR LARGER ""HAN THE TOTAL 
NUMBER OF GROUPS (AFTFR COLLAPSING). 

REDED 26 AN ADJOINT COMBINING COEFFICIENT PLOT I S RFOUESTED 
"OR A GPOUP NUMBER LARGER THAN "H'' ""OTAL 
NUMBER OF GROUPS (AFTER COLLAPSING). 

REWRIT 3 THE REQFLX FTLE CANNOT BE WRITTEN. 
RE'-!FIT 2 2 4 COPS BUG. 
REW3IT 2 2 2 CODE BUG. LENXST, THE RECORD LENGTH FOR REOXST, 

TS TOO SMALL-
PF'-'RIT 310 THE REQXST FILE CANNOT BF W P I T T E N -

TNT21 
INT21 
TNT21 
INT21 
INT21 
INT21 
TNT21 
INT21 
INT3 

TNT3 
TNT3 
INT3 
INT3 
INT4 
INT4 
ORTw 

OUTPRO 

PDENOM 
READCD 
REDED 

40 
90 

106 
132 
148 
166 
180 
198 
110 

142 
148 
180 
184 
14 

104 
im 

10 

64 
34 
16 
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APPENDIX F. 

RITGEO 
RITGEO 

RITGEO 
RITGEO 
RITGEO 
SETUP 
SE"'UP 
SETUP 
SETUP 
SHUFFL 
SHUFFL 
SHUFFL 
SHUFFL 
SOLVE 
SOLVE 
SOLVE 
SOLVE 
SOLVF 
SOLVE 
TPANST 
TRFLUX 
TRGE01 

TRGE01 

TPGF01 
TRXSCM 
WINTGL 
WTNTGL 
:''TNTGL 

•'RTTXS 

S 

10 
40 

96 
100 
102 
10 
14 
20 
30 
26 
56 

114 
126 
10 
66 
72 
74 
76 
86 
1 
1 

14 

60 

70 
12 
18 

1 10 
126 

20 

SYN3D ERROR MESSAGES. CONTINUED. 

A REQUIRED, INPUT 
THE CODE CANNOT HA 

IN AN INPUT 
SAME AS 10. 
TWO INPUT GEODST F 
THE OUTPUT GEODST 
THE VOLINT,2 FILE 
THE DTFINT,2 FILE 
THE VOLINT,1 FILE 
THE DIFINT,1 FILE 
CODE BUG. 
CODE BUG. 
COPE BUG. 
CODE BUG. 
THE TNTTOC,2 FILE 
CODE BUG. IDIV.NE 
THE INTGLS FILE CA 
THE VOLINT,2 FILE 
THE DIFINT,2 FILE 
THE HFILE FILE CAN 
A GFQDST FILE CANN 
AN RTFLUX PILE CAN 
THE TR;>N3LATOP CAN 

OF GEOMETRY. 
THE TRANSLATOR CAN 

CONDITIONS. 
SAME AS 60. 
THE XS.C.MIN FILE 
CODE BUG. 
CODE BUG. MULTICH 
NO FUNCTIONS HAVE 

ENERGY GROUP 
THERE IS SOMETHING 

THE CODE EXP 
THE RFCORD P 

GEODST FILE CANNOT BP FOUND. 
NDLE THE GEOMETRY TYPE SPECIFIED 
GEODST FILE. 

ILES ARE INCOMPATTBLE. 
FILE CANNOT BE WRITTEN. 
CANNOT BE WRITTEN. 
CANNOT BE WRITTEN. 
CANNOT BE FOUND. 
CANNOT BE FOUND. 

CANNOT BE READ. 
. 1 AFTFP DIVVY. 
NNOT BE WPITTEN. 
CANNOT BE READ. 
CANNOT BE REAP. 
NOT BE WRITTEN. 
OT BE WRITTEN. 
NOT BE WRITTEN. 
NOT YET HANDLE THIS TYPE 

NOT HANDLE THE PLANAR BOUNDARY 

CANNOT BE FODNP. 

ANNFL SYNTHESIS NOT AVATLA3LE. 
BEEN SPECIFIED FOR Q N E OF THE 
3 AT SOME MESH POINT. 
WRONG WITH THE XSCMTN DATASET. 

ECTED TO FIND THE GROUp NUMBER TN 
EING REAL. 
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APPENDIX G. FORTRAN VARIABLE GLOSSARY, 

( ( A ( ^ , K ) , 1 = 1 ,KDIM ( 1 7 ) ) , K = 1 ,KMAX) = TN OVERLAY S O L V E , EITHER 
THE DIRECT OR A D J O I N T COMBINING C O E F F I C I E N T S . I Z I S THE 
S Y N T H E S I S ZONE ASSOCIATED WITH MESH INTERVAL K. 

( ( A C C O E F ( I , K ) , 1 = 1 , K D I M ( I Z ) ) , K = 1 , K M A X ) = A D J C I N I COMBINING 
C O E F F I C I E N T S . I Z I S THE S Y N T H E S I S ZONE A S S O C I A T E D WITH 
MESH INTERVAL K. 

( ( A M I N U S ( I , J ) , 1 = 1 , K D I M ( I Z ) ) , J = 1 , K D I M ( I Z M ) ) = T^E S U 3 B L 0 C K (FOR THE 
CURRENT AXIAL MESH I N T E R V A L ) BELOW THE DIAGONAL OF THE 
BLOCK-TRIDIAGONAL SYSTEM OF S Y N T H E S I S E Q U A T I O N S . I Z I S THE 
S Y N T H E S I S ZONE ASSOCIATED WITH THE CURRENT MESH I N T E R V A L . 
TZM I S THE S Y N T H E S I S ZONE A S S O C I A T E D WITH THF P R E V I O U S 
AXIAL MESH I N T E R V A L . 

( ( A P L U S ( I , J ) , I = 1 , K D I M ( I Z ) ) , J = 1 , KDTM ( I Z P ) ) = THF SUBBLOCK (FOP THF 
CURRENT AXIAL MESH INTERVAL) ABOVE THE EIAGONAL OF THE 
BLOCK-TRIDIAGONAL SYSTEM CF S Y N T H E S I S E Q U A T I O N S . I Z I S THF 
S Y N T H E S I S ZONE ASSOCIATED WITH THE CURRENT MESH I N T E R V A L . 
I Z P I S THE S Y N T H E S I S ZONE A S S O C I A T E D WITH THE NEXT 
AXIAL MESH I N T E R V A L . 

(APRAY ( I ) , 1 = 1 , 3 6 ) = THE L I S T 0" NAMES OF DIMENSIONED V A R I A B L E S 
DEFINED THROUGH B P O I N T E R . 

( ( A Z E R O ( I , J ) , I = 1 , K D I M ( T Z ) ) , J = 1 , K D T M ( I Z ) ) = THE SUBBLOCK (FOR THE 
CURRENT AXIAL MESH TNTEPVAL) ON THE DIAGONAL 0 " THE 
BLOCK-TRIDIAGONAL SYSTEM OF S Y N T H E S I S E Q U A T I O N S . 1 7 I S THF 
S Y N T H E S I S ZONE ASSOCIATED WITH THF CURRENT MESH T N T F ^ V A L . 

( B L K ( T ) , T = i , M A X S I Z ) = ""HE BPOINTFR C O N T A I N F F . 
( (CARD ( I , J ) , 1 = 1 , 1 1 ) , J = 1 , N R E C ) = THE CONTENTS OF EACH I N P U T 

CARD, EXCLUDING THE CARD TYPE NUMBFP. NFEC = - H E N'l-'RER 

OF DATA CARDS. 

( ( ( C B C ( I , J , K ) , T = 1 , N G R 0 U P ) , J = 1 , 6 ) , K = 1 , 2 ) = THE BOUNDARY C O N D I T I O N 
CONSTANTS Cl ANC C2 FOR EACH GROUP AND EACH OE THE 6 
BOUNDARY P L A N E S . 

CONVCG = EIGENVALUE CCNVERGENCF C R I T E K I O N . 
( ( P C C O E F ( I , K ) , 1 = 1 , K P I M ( T Z ) ) , K = 1 , K M A X ) = DIRECT COMBINING 

C O E F F I C I E N T S . I Z 1 3 THE S Y N T H E S I S ZONE ASSOCIATE'^ " T T H 
MESH I N T E R " A L K. 

( D L Z P A T ( I ) , I = 1 , L E N P L Z ) = RATIO OF 2 ADJACENT A X I A ' ME<54 
I N T E R V A L S . (LOWER/UPPER) 

EIGEN = EIGENVALUE 
EPS = A SMALL NUMBER USEP IN TESTS FOP EQUALITY OF -^^SV T X ' T R ^ V A L S 
( ( E S C A L E d , J ) , 1 = 1 , N G R C U P ) , J = 1 , M A X F U N ) = A USEP S U P P I T E R SCALING 

FACTOR FOR EACH GROUP Q F FUNCTION J V-'HEN F U N C T i n f i 7 i s r,gp;D 
AS A EXPANSION FUNCTION. I T CAN ONLY HAVF AN E F ^ p r T WH'̂ N 
GROUP COLLAPSING I S F M D L O Y E D . 

( ( F I S ( I , J ) , T = 1 , K P I M ( I Z ) ) , J = 1 , K P I M ( I Z ) ) = THE SUBBLOCK (FOR T H ' 
CURRENT AXIAL MFSH INTERVAL) C O N T A I N I N G THF INTEGRALS OV ^R 
THE F I S S I O N CROSS S E C T I O N S . I Z I S THE S V N T H E S T S - O N F 
ASSOCIATED W T T H THE CURRENT AXIAL MESH INTERVAL 

( F I U X ( I ) , I = 1 , M A Y F n N * L G R 0 U P ) = AN APRAY C O N T A I N I N G F H N c r m N 
TNTFGRALS. THE INTEGRALS ARE STORED IN T H F S S M-^ '» v » s T H F 
COMBINING C O E F F I C I E N T S , WITH PLANKS C r i T T F R . ' P O T N - ^ R S ' T O ^ 
THE F I R S T NONZERC GROUP ARE GIVEN IN THF ARRAY TFLTOC 
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(FLUXI(I),1=1,LENFLX) = THE ARRAY INTO WHICH A RECORD OF REQFLX IS 
READ. FLUX2 AND FLUX3 SERVE THE SAME PURPOSE. 

(( (FUNNAM(I, J) , 1=1,3) ,IVRFUN(J) ) ,J= 1,MAXFUN) = FULL NAME OF 
FILE FOR FUNCTION J. 

GUESS = EIGENVALUE ESTIMATE. 
((H (I, J) ,1 = 1 ,KDTM (IZ) ) ,J=1,KDIM(IZP)) = THE MATRIX FORMED 

D"RING THE FORWARD ELIMINATION 0' THE SYNTHESIS EQUATIONS 
FOR THE CURRENT MESH INTERVAL. 17 IS THE SYNTHESIS ZONE 
ASSOCIATED WiiH THE CURRENT AXIAL MESH INTERVAL, IZP IS 
THE ZONE FOR THE NEXT INTERVAL. 

TBAND = THE NUMBER OF COLUMNS OF FLUXES IN ONE RECORD OF THE 
REOFLX FTLE. 

IBCXL = THF LO'JER X BOUNDARY CONDITION-
1 = ZERO FLUX 
2 = REFLECTIVE 
3 = EXTRAPOLATED C*D*DEL PHI + PHI = 0 
4 = PERIODIC WITH OFPOSTTE BOUNDARY 
5 = PERIODIC '̂ ITH NEXT BOUNDARY GOING CLOCK'-'ISE 
6 = PERIODIC WITH NEXT BOUNDARY GOING COUNTERCLOCKWISE 
7 = PERIODIC, INVERTED ALONG SAMF BOUNDARY. 

TBCXU = THE UPPER X BOUNDARY CONDITION. 
IBCYL = THE LO'-?ER Y BCUNDARY CONDITION. 
IBCYU = THE UPPER Y BOUNDARY CONDITION. 
IBCZL = THE LOHER Z BCUNDARY CONDITION-
TBCZU = THF UPPER Z BOUNDARY CONDITION. 
TBNDCH = LOWEST ENERGY GROUP (AFTEP GROUP CCLLAPSING) FOR WHICH 

THERE TS A NONZERO CHI. 
(IBNDFI (I) ,1=1, MAXPLN) = LO'^EST ENERGY GROUP (AFTER GROU? 

COLLAPSING) FOR WHICH THERE IS A NONZERO FISSION CROSS 
SECTION FOR PLANE I. A 7ER0 MEANS NO FISSION. 

(TBNPS1 (I) ,T=1,LGR0UF) = THE POSITION IN COLUMN I OF THE GROUP 
COLLAPSED SCATTERING MATRIX OF THF TOPMOST, NONZERO ELEMENT. 
EQUIVALENT "0 LCCSCT WHEN THERE IS NO GROUP COLLAPSING. 

(IBNDS2 (I) ,1=1,LGROUP) = THE POSITION IN COLUMN I OF THE GROUP 
COLLAPSED SCATTERING MATRIX OF THF BOTTOM, NONZERO ELEMENT. 

( (IDTFTB (T,K) ,T = 1 ,8) ,K=1,LDIFTB) = TABLE OF CONTENTS FOR DIF 
INTEGRALS TN DIFINT FILE. 

TDIFTB(1,K) = RECORD OF THE DIFINT FILE CONTAINING 
THE INTEGRALS. 

IDIFTB (2,K) = POINTER TO THE FIRST WORD OF THE 
INTEGRAL BLOCK WITHIN THAT RECORD. 

IDIFTB (3,K) = LOWER PLANAR GEOMETRY IDENTIFIER. 
=0 FOR THF BOTTOM BOUNDARY INTEGRAL. 

TPIFTB(4,K) = UPPER PLANAR GEOMETRY IDENTIFIER. 
=0 FOR THE TOP BOUNDARY INTEGRAL. 

IPIF'"P(S,K) = POINTER TO A MESH INTEPVAL RATIO TN THE 
PLZRAT ARRAY. 

TPIFTP(6,K) = WEIGHTING FUNCTION IDENTIFIER. 
TDIFTB (7,K) = EXPANSION FUNCTION IDENTIFIER. 
IDIFTB (8,K) = NUMBER OF RECORDS REQUIRED FOR ALL THF 

INTEGRALS OF THIS COMBINATION. 
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(IPIH (I) ,1 = 1,MAXFUN) = THE NUMBER OF COMBINING COEFFICIENTS 
(OR EQUATIONS) ASSOCIATED WITH AN EXPANSION FUNCTTON (OP 
'TEIGHTING FUNCTTON) . 

((TEL (J,I) ,J=1,MAXKNM) ,1 = 1,NUMKZN) = THE EXPANSION FUNCTIONS 
USED IN ZONE I. IF THERE APE FEWER THAN MAXKNM, THE Q-'-HEB 
ENTRIES FOR A PARTICULAR ZONE ARE ZERO. 

(TFLTOC(I) ,1=1, MAXFUN) = POINTERS TO THE FIRST GROUP FLUX 
INTEGRAL FOR FUNCTION I IN THE ARRAY FLUX. A ZERO MEANS 
THAT THERE ARE NO INTEGRALS FOR A FUNCTION. 

IGEOM = PLANAR GEOMETRY TYPE SENTINEL. 
((TGPUSE(N,J) ,N=1,LGECUP) ,J=1,MAXFUN) = A PROJECTION MATRIX 

(ELEMENTS ARE 0 OR 1) SHOWING WHICH GROUP FLUXES OP EACH 
FUNCTION ARF TO BF USED (1) OR OMITTED(O)-

IMAX = THE NUMBER OF MESH INTERVALS IN THE X DIRECTION. 
(INTGLS (I) ,1=1,NCONRC*MAXTNT) = STORAGE USED FOR RECORPS OF ""HE 

INTGLS FILE. DURING TH'=' SOLUTION NC0NRC=1. 
(TPLACC(T) ,1=1, NPLACC) = THE GROUP FOR W!]ICH THE ADJ'^TN"' 

COMBINING COEFFICIENTS APE TO BE PLOTTED. 
(IPLDCC(I),1=1,NPLDCC) = THF GROUP FOR WHICH THE DIPECT 

COMBINING COEFFICIENTS ARE TO BE PLOTTED. 
( (TPRATF (T,J) ,1 = 1 ,2) ,J=1,Nt^RATF) = GROUP NUMBERS (1=1) AND AXIAL 

MESH INTERVALS (1=2) FOR WHICH THE PLANAR ADJOINT IS ""̂  BE 
EDITED. FOR TVO DIMENSIONAL MODELS J= 1 '-"ILL EDIT ALL FLUXES 

IPEI'̂ TT = BPOINTER DEBUG EDIT SFrilNAL. 
(IPRPWD(T) ,I=1,NPRP'-'D) = AXIAL MESH INTERVALS FOP -THICH THE 

PLANAR POWER IS TO BE EDTTFD. FOE TWO DIM EN'̂  lONA L MODELS 
1=1 WILL EDIT ALL POWFRS. 

( (TPRRTF (I, 7) ,1 = 1 ,2) ,J=1, NPRRT'^) = GPOUP NUMBFPS (1=1) AND AXIAL 
MESH INTERVALS (1=2) FOR WPICH THE PLANAR FLUX IS ""O BE 
ED''TED. FOR TWO PTMFNSIONAl MODELS J = 1 V-ILL EDIT ĵ LL FLUXES, 

((TPT (I,J) ,T=1,LGRCUr) , J=1 ,2) = THE NUMBER OF ROWS QF THE REM 
MATRIX STORED IN THE OUTPUT INTFGPAL FILE FOR Tt̂ E COLUMNS 
ASSOCIATED WITH COLLAPSED GROUP I. IT IS THE SUM OE THF 
NUMBERS OF CHANNELS ASSOCIATED WITH EACH C0L7AP<^FD GPOUP 
BFTWFEN TBNDS1 (I) AND IBNDS2(I). J= 1 OE 2 PEPENPIN'"; TN 
WHETHER THE WEIGHTING/EXPANSION FLUX COMPIN*''"TO N L'̂ ING 
CONSIPEPEP IS IN THE PECPSP OPPEP FOR THF OUTPUT INTEGRAL 
DESIRED OR IS TRANSPOSED. 

((IP"TOC (I,J) ,1 = 1 ,MAXFUN) ,J=1, MAXPLN) = POTNTEPS TQ -^HE FIRST 
GPOUP POWER INTIf^RAL FOR FUNCTION' I ANC PL»NE J IN ""HE 
ARRAY PO'.J. A ZERO MEANS THAT THERE ARE NO INTEGRALS. 

TRCDIF = DIFINT FTLE RECORD COUNTER. 
IRCINT = INTGLS FILE RFCORD COUNTER. 
IRCITC = INTTOC FILE RECOPD COUNTER. 
TRCVOL = VOLINT FILF RECORD COUNTER. 
'"SCHI - SET-WIDE PROMPT CRT SENTINEL FROM XSCMTN FILE. 
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((IVOLTB (I,K) ,1=1,7) ,K=1,LVOLTB) = TABLE OF CONTENTS FOR REM 
AND FTS INTEGRAIS IN THE VOLINT FILE. 

IVOLTB (1,K) = 1 FOR A REM INTEGRAL, 2 FOR A FTS 
INTEGRAL, 3 FOP A POW INTEGRAL, 4 FOR A FLUX 
INTEGRAL. 

IVOLTB (2,K) = THE RECORD OF THF VOLINT FILE CONTAINING 
THE INTEGRAL. =0 IF THE INTEGRAL COULD NOT BE 
DONE AND -1 IP THE INTEGRAL COULD HAVE BEEN 
DONE BUT FOR SOME REASON FAS NOT. 

IVOLTB (3, K) = POINTER TO THE FIRST '''ORD OF THE INTEGRAL 
BLOCK WITHIN THAT RECORD. 

IVOLTB (4,K) = PLANAR GEOMETRY IDENTIFIER. 
IV0LTB(5,K) = WEIGHTING FUNCTION IDENTIFIER. 
IVOLTB (6,K) = EXPANSION FUNCTION IDENTIFIER. 
IVOLTB (7,K) = NUMBER OF RECORDS REQUIRED FOR ALL THE 

INTEGRALS OF THIS COMBINATION. 
(IVRFUN (J) ,J=1,MAXFUN) = VERSTCN NUMBER OF FILE FOR FUNCTION 

J. SEE FUVNAM. 
(IVRPLN (J) ,J=1, MAXPLN) = VERSION NUMBER OF F I L E FOR PLi^NAR 

GEOMETRY J. SEE PLNNAM. 
IWHERE = 1 TF THE INPUT DATA IS TO BE REAP DIRECTLY FROM CARDS. 

= 2 IF THF CARD TNPUT IS TO BE PROCESSED THPU THE ARC 
SYSTEM ROUTT NFS-

( (I"JT (J,I) ,j= 1, MAXKNM) ,1=1, NUMKZN) = THE WEIGHTING FUNCTIONS 
USED TN ZONE I. IF THEEE ARE FE'̂ ER THAN MAXKNM, THE OTHER 
EN-^RIFS FOR A PARTICULAR ZONE ARE ZERO. 

(T4 8APP (I) ,1= 1, 50) = THE WORD LENGTH PARAMETER FOR EACH 
DIMENSIONED VARIABLE DEFINED THROUGH BFOTNTFR. THIS ARRAY 
IS OF PTEFERENT LENG''"H IN EACH OVERLAY. 

JBANP = THF NUMBER OF ROWS OF FLUXES TN ONE RECORD OF THE REQFLX 
FILE. 

(JPTETB (T,K) ,1=1,7) ,K=1,MDIFTB) = TABLE OF CONTENTS FOR PIE 
INTFGRAL3 IN T H E INTGLS FILE. THE DEFINITIONS ARE THE SAME 
A3 FOE IDIFTB, EXCEPT THAT THE LAST ENTRY IS OMITTED. 

(JPOCMP(T) ,"'" = 1 ,NnMCMF) = THE LIST OF COMPOSITIONS REQUTRED TO 
CALCULATE THE INTEGRALS. 

(JDOFUN (I) ,1=1,NUMFUN) = THE LIST OF FUNCTIONS REQUIRED TO 
CALCULATE THE INTEGRALS, IN THF ORDER IN WHICH THEY APPFAR 
IN THE FEOFLX '̂ 'ILE. WHEN IT IS PRESENT, THF UNTT FUNCTION 
IS LAST IN THF LIST. 

fJPOPLN (I) ,1=1,NUMPLN) = THE LIST OF PLANAR GEOMETRIES REQUIRED 
TO CALCULATE THE INTEGRALS. 

JMAX = THE NUMBER OF MESH INTERVALS IN THF Y DIRECTION. 
(( (JPT (I,J,K) ,1=1,THNDCH) ,K=1,MAXPLN) ,J=1 ,2) = A POINTER TN A 

COLUMN OF THE GPOUP CCLLAPSPD FIS INTEGRAL FOR PLANE K T Q 
THE FIRST ELEMENT ASSOCIATED WITH WEIGHTING FUNCTION GROUP I. 
THE DIFFERENCE BETWEEN TPT(I,J,K) AND JPT(I+1,J,K) TS THE 
NUMBER OF CHANNELS ASSOCIATED VITH GROUP I OF THE WEIGHTING 
FUNCTION. J=1 OR 2 DEPENDING ON WHETHER THE 
WEIGHTTNG/FYPANSION FLUX COMBINATION BEING CONSIDERED IS IN 
THE PROPER ORDER FOR THE OUTPUT INTEGPAL DESIRED OR IS 
TRANSPOSED. 
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( J V O L T B ( I , K ) , 1 = 1 , 6 ) ,K = 1 , M V 0 L T D ) = TABLE OF CONTENTS FOP REM 8 F I S 
INTEGRALS IN THE I N T G L S F T I E . THE D E F I N I T I O N S APE THE SAME 
AS FOR I V O L T B , EXCEPT THAT THE LAST ENTPY I S O M I T T E D . 

( K C H A N G ( I ) , 1 = 1 , NUMKZN) = THE TOPMOST MESH INTERVAL TN EACH ZONE. 

KCHANG(NUMKZN) =KMAX. 
(KniM ( I ) , 1 = 1 ,NUMKZN) = THF NUMBER OF UNKNOWN COMBINING 

C O E F F I C I E N T S (AND THEREFORE EQUATIONS) A S S O C I A T E D W I T H 
ONE MESH INTERVAL IN ZONE I . 

(KGEOM ( I ) , 1 = 1 ,NUMKZN) = THE GEOMETRY FOR MFSH INTERVALS 
K C H A N G ( I - I ) TO K C H A N G ( T ) . KCHANG(O) I S DEFINED T O BE 1 . 

KMAX = NUMBER Q F AXIAL MESH I N T E R V A L S . 
(KNUMFL(I ) , T = 1 , N U M K Z N) = THE NUMBER OF FLUX F I L E S REFERENCED 

AS EXPANSION F U N C T I O N S FOR ZONE I . 
(KNUMWT ( I ) , T = 1 ,NUMKZ N) = THE NUMBER OF FLUX F I L E S R E F E P 2 N C E D 

AS WEIGHTING F U N C T I O N S FOR ZONE I . 
( ( (KPT ( I , J , K ) , I = 1 , L G R 0 U P ) , J = 1 , L G R 0 U P ) , K = 1 , 2 ) = A POINTER TN 

THE ID ARRAY C O N T A I N I N G THE 2 D , G R O U P - C C L L A P S E D RE" INTEGRAL 
TO THE F I P S T STORED ELEMENT OF THE INTEGRALS AS'^OCIATED 
WITH WEIGHTING FUNCTION GROUP I AND EX P A N SI ON F U N C T T Q N G R C P 
J . THE D I F F E R E N C E BETTJEFN K P T ( T , J , K ) AND K P r ( I + 1 , J , K ) 1 3 THE 
NUMBER OF CHANNFLS FOR WEIGHTING FUNCTION GPOUp T. K=1 OR 2 
DEPENDING ON WHETHER THE '^EIGHTING/EXPA N S I ON F L H X 
COMBINATION B E I N G CONSIDERED I S I N THF PROPER ORPFR FOR THE 
OUTPUT INTEGRAL D E S I R E D OR I S T R A N S P O S E D . 

T D I F T B = NUMBER OF E N T R I E S TN THF I D I F T B TABL'^'. 
LENA = THE STORAGE REQUIRED FOR THE COMBTNTNG r O E F F I C T ' ^ ""^S. 
( L E N A P R ( I ) , 1 = 1 , 5 0 ) = THE LENGTH OF EACH DI MENS I-^^IEP "AETABLE 

DEFTNED THROUGH BPOTNTER. T H I S ARRAY I S OF DI^FEPEN'T LENGTH 
IN EACH OVERLAY. 

( L E N C R D ( I ) , 1 = 1 , NREC) = TOE LENGTH ( I N R*4 V'CRDS) rf F R C H D ^ T A 
RFCORD PF SYNCON. NRFT = THE NUMBEP OF DATA RECOPDS. 

( L E N P I F ( I ) , 1 = 1 , N R C D I F ) = L'^NGTH OF PECORD I OF D I F I V " '^TLE. 
LENPLZ = LENGTH OE DLZRAT APRAY. 
LENFLX = RECORD S I Z E FOR PEOFLX. 
L E N F L " = LENGTH OF THE ARRAY FLDX I'N OVERLAY S O L V E . 
LENH = MAXIMUM PFCORC S I Z E FOR THE H F I L E F I L L . 
L E N I N T = THE H A X T M U M RFCORD LENGTH FOR VOLTNT AND D J F T N T I N T ' ^ ' G R A L 

F I L E S . 

LENLST = THE MAXIMUM LENGTH OF THF LIS"" OF INTEGRAL'^, L I S T V 
LENPO'-J = LENGTH OF THA ARRAY PO'-: IN OVERLAY S O L V E . 
( L E N R C H ( I ) , T = 1,MRCH) = THE LENG''"H OF EACH " C P P OE"" T^ F H ^ ^ T L F F I L E 
(L '^VT'CI( I ) , 1 = 1 , NPCTHT) = THE L FN GT H OF EACH REPOpn O F TK^^ T V T G L S ' 

F T L E . 

(L'='NVOI (T) , 1 = 1 , NRCVOL) = LENGTH OF RFCORD I OE T U F V O I TNT F I L ^ 
L F N X - T = RECORD S I Z E FOR CROSS SECTION F I L E R F Q V S T . 
LEN1 = I B A N D * J B A N D = THE xAXi-MUM NUMBER OF MFSH BLOrK^ 

RFPRESFNTEP IN E»CH FECCRD OF PFQFLX. 

LEN2 = LEN1*H'^R'-«nn 

LEN3 = L V S T 1 . 

LGPOUP = NUMBEP OF ENEPGY G p o U P S AFTEP COLLAPSTNG 
( L - S T V ( T ) , 1 = 1 , L E N L S T ) = A L I S T OF E N T R I E S IN T V O L T B A N D / 0 3 T P I F T B 

DESIGNATING INTEGRALS T O BE DONE AND T H E ORDFR ''N W H i r n -HEY 
ARE TO PE DONE. THE IVOLTB E N T R I E S A P F L I S T E ' ^ F I P S T THEN 
THE I D T F T B E N T R I E S . ALSO S F F NTRYV AND NTRYn 
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(LOCSCT (I) ,1= 1,NGROUP) = THE POSITION IN COLUMN I OF THE 
SCATTERING MATRIX OF THE TOPMOST, NONZERO ELEMENT. EQUIVALENT 
TO IBNDS1 WHEN THERE IS NO GROUP COLLAPSING. 

(((LPT (I,J,K) ,1 = 1,LGROUP) ,K=1,HAXPLN) ,J=1,2) = A POINTER IN THE ID 
APRAY CONTAINING THE 2D, GROUP-COLLAPSEC FIS INTEGRAL FOR 
PLANE K TO THE TOP OF THF FIRST COLUMN ASSOCIATED WITH 
EXPANSION FUNCTION GROU? I. THE DIFFERENCE BET'^EEN LPT(I,J,K) 
AND LPT (T+1,J,K) IS MPT(J,K) TIMES THE NUMBER OF CHANNELS 
ASSOCIATED WITH GROUP I OF THE EXPANSION FUNCTION. J=1 OR 2 
P E P E N P T N G ON WHETHER THE WEIGHTING/EXPANSION FLUX COMBINATION 
BEING CONSIOERED IS IN THE PROPER ORDER FOR THE OUTPUT 
INTEGRAL DESIRED OR TS TR^uspoSED. 

LREQF = NUMBFR OF RECORDS IN THE REQFLX FILE. 
LREQX1 = NUMBER OF RFCORD CF THE REQXST FTLE EXCLUDING DTEF'JSION 

COEFFICTFNTS. 
LRE0X2 = NUMBER OF RECORDS OF THE REQXST FIIE CONTAINING ONLY 

PIEFUSICN COEFFICIENTS. 
LVOLTB = NUMBER OF ENTRIES TN THE IVOLTB TABLE. 
LXSTI = THF NUMBER OF CROSS SECTION DATA PER COMPOSITION, FOR 

FOR RECORDS OF REQXST EXCLUDING DIFFUSION COEFFICIENTS. 
LXST2 = ""HE NUMBFP OF COMPOSITIONS PER RECORD OF REQXST, FOR 

RECORDS EXCL'TDTNG DIFFUSION COEFFICIENTS. 
LXST3 = THF NUMBER OF GROUPS PER RECORD FOR RECORDS CONTAINING 

ONLY DIFFUSION COEFFICIENTS. 
MAXCHN = THE MAXIMUM NUMBER OF CHANNELS IN ANY CHANNEL STRUCTURE 

SCHEME. = THE LARGEST VOLUE OF NUMCHN(I),1=1,NCHNST. 
MAXCP = THE NUMBFR OF MATERIALS REPRESENTED TN ''"HE TNPUT CROSS 

SECTION FTLF. 
MAXD^M = THE LARGEST DIMENSION OF ANY MATRIX USED IN THE SOLUTION. 
MAXPN = MAXIMUM NHMBER OF DOWNSCATTERING GROUPS. 
MAXFUN = NUMBFR OF FUNCTTON FTLE NAMES IN TOC. 
MAXTNT = THF MAXIMUM RECORD LENGTH FOR THE INTGLS INTEGRAL FILE. 
?1AXI''"R = MAXIMUM NUMBER OF ITERATIONS ALLOWED. 
MAXKNM = THE MAXIMUM NUMBEP OF WEIGHTING FUNCTIONS USEP TN A 

SINGLE ZONE, OR THE Ms.xiHUM NUMBER OF EXPANSION FUNCTIONS, 
'•'HICHEVER IS LARGER. MA XK NM . LF. M A XUS E. 

•̂ AXMD = THE LARGEST PIMENSTON OF AN INPUT MATRIX ( THE L A P G F S T 

NUMBER OF GROUP-CHANNEL COMBINATIONS FOE A SINGLE FUNCTION). 
MAXM0**2 TS THE MINTMUM SPACE PEQUIPED FOR A RECORD OF 
RFijRiT'TFN INTEGRALS. 

MAXPLN= NUMBER OE PLANAR GEOME-^RY FILE NAMES IN TOC. 
MAXREG = THE MAXIMUM NUMBFR OF REGIONS ASSOCIATED WITH ANY OF 

THE PLANAR GEOMETRIES. 
MAXSIZ = THE LENGTH CF THE BPOTNTER CONTAINER ARRAY. 
MAXTTT = MAXIMUM ALLCwEP NUMBER OE INPUT TITLE CARPS. 
MAXUP = -^AYTMUM NUMBER 0'=' UPSCATTEFING GROUPS. 
MAXUSE = MAXIMUM NUMBER CF TNPUT FUNCTIONS USFD ANY''HERE IN THE 

MOPEL A^ EXPANSION FUNCTIONS OP WEIGHTING F'INCTTON'S, 
WHICHEVFR IS LARGFR. wAXUSF.LE.MAXFUN. 

MDTFTB = NUMBER OP ENTRIES IN THE JDTFTB TABLE. 
(MPIM (I) ,1=1,MAXFUN) = THE NUMBFR OF COMBINING COEFFICIEHTS (OR 

EO'iATTONS) ASSOCIATED WITH FUNCTION I. 
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((MPT (T,J) ,I=1,MAXPLN) ,J=1,2) = THE NUMBER OF ROWS IN THE GPOTP 
CCLLAPSFD FIS INTEGRAL FOR PLANE I. IT IS THE SUM OF '̂ HE 
NUMBER OF CHANNELS ASSOCIATED WITH EACH COLLAPSED GROUP 
DO'AN TO THE LAST NONZERO CHT. 1=1 OR 2 DEPENDING ON 
''HETHFR THE WEIGHTING/EXPANSION FLUX COMBINATION BEING 
rONSIDERFp IS IN THE PRCPEF. ORDER FOR THE OUTPUT INTEGPAL 
DESIRED OR IS TRANSPOSED. 

MULT = THF '•'ORP LENGTH PARAMETER FOR INPUT/OUTPUT. 
MVOLTB = NUMBER OF ENTRIES IN T H E J V O L T B TABLE. 
NBHPFR = 0 FOR NO BUFFERING, 1 ''OR BUFFERING IN REED/RITE. 
NCALC = CALC'LATION TYPE SENTINEL. SEE TYPE 2 CARD OF SYNFIL. 
( (NC''AN(N,J) ,N=1,LGROUP) ,J=1 ,MAXFUN) = CHANNEL SCHEME ASSIGNMENT 

FOR EACH GROUP-COLLAPSED GPOUP FLUX. 
NC'NST = THE NUMBER cF CHANNEL STRUCTiRE SCHEMES. 
NCOLGP = 0 FOR GROUP DEPENDENT SYNTHESIS, 1 FOR GENERAL GROUP 

COLLAPSING, 2 FOR SPECIAL GPOUP COLLAPSING. 
NC0H9C = THE NUMBER OP CONCURRENT INTGLS RECORDS THAT CAN BE HELD 

IN CORE PURTNG THE INTEGRAL REWRITE. 
NPENOM = 0, DO NOT CALCULATE PERTURBATION DENOMINATOR. 

1, CALCULATF PERTURBATION DENOM TNA''"OP. 
NFTDTF = THE FILE NUMBER FOR THF DIFINT FILE. 
NFLFLX = REQELY FILE NUMBER. 
(NFLFUN (I) ,T = 1,MAXFUN) = THE FILF NUMBFR FOR EACH "LMX FTLE. 
NFLH = HFII,E FILE NUMBER. 
MEL TNT = INTGLS FTLE NUMBEP. 
HFLITC = THE FIL::: NUMBER FOR T H E INTTOC FIIE. 
(NFLPLN(I),1=1,MAXPLN) = THF FTIE NUMBER FOR F^CH PLANAR 

GEOMENTEY FILE. 
NFLSYN = SYNCON FILF NUMBER. 
NFL"NI = A BOGUS FILE NUMBER poR THE UNIT FLDX. 
HFLVOL = THE FTL'̂  NUMBEP FOR THF VOLTNT FILF. 
NFLXSC = XSCMTN FILE NUMBER. 
NF' XST = R'̂ 'OXST FILE NUMHFR. 
N'FWOLP = THE NEMBER OF F'JNCTIONS RFPRESFNTED TN INP''T T N T F G E A L 

FILES. 
NGFOPT = 0, PO NOT CONSTRUCT AN OUTPUT GEODST FILF. 

.GT. 0, T^F VFRSTON FUM3EP FOP THE OUTPUT GEODST FTIF. 
VGPQ'ip = NUMPEP OF ENERGY GROUPS BFFOFF COLLAPSING. 
NOUT = PRINTED OUTPUT FTLE NUMHFR. 
NPLACC = THE NUM-̂ pp CF APJOINT COMEINTVG C O F E F I C I F N T PLOTS. 
NPI.PCC = THF NUMBFR QF DIRECT COMBINING COEFFTCIFNr PLOTS." 
NPLOTD = THE N"MBER OF PLANAP G F O M F T R I E S REFRESFNTPP IN INPUT 

INTEGRAL FTLFS. 
NPRATF = THF NUMBFP OF PLANAR ADJOINT GROUP FLUXES ""O B" E D T T E D 
NPPP'-P = THF NUMBEP CF PLANAR POWEF PISTR IFUT^ONS ""O RE EDTTgo 
NPRRXE = THE NUMPFR oF PLANAR PIPECT GROUP FLUXES T O HE >="DI'"Fn* 
NPRRZF = 0, '̂ 0 NOT EDIT THE AVEFAGE FLUXES ?Y "ONE. 

.GT. 0, -̂ PIT THE AVERAGE ELUXFS BY ZONF (NRZF^X M'IST BE 
. f=T. 0) . 

(NPTARF, ( I ) , 1 = 1 , 3 6 ) = THE POINTER TC EACH rJMENSIONFD VARIABLE 
PFPTNEP THROUGH BPOINTER. 
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APPENDIX G. FORTRAN VARIABLE GLOSSARY. (CONTD.) 

(NPTOUT (I) ,1= 1,2*LENLST) = A SCPATCH ARRAY CONTAINING POINTERS 
WITHIN THE OUTPUT RECORDS FOR EACH ENTPY OF LISTV. 

NPTXMS = A POINTER TO THE LOCATION JUST BEFORE THE START OF THE 
MESH INTERVAL DATA IN A RECORD OF REQFLX-

(NPTX3T (I) ,1=1,LENLST) = A SCRATCH ARRAY USED TO STORE POINTERS 
TO COMPOSITIONS FOR EACH ENTRY IN LISTV. 

NPWDNT = 0, PO NOT CCNSTPUCT AN OUTPUT PWDINT FILE. 
.GT. 0, THE VERSION NUMBER FOR THE OUTPUT PWDINT PILE. 

NRCDIF = NUMBER OF RECORDS IN THE DIFINT FILE. 
NRCH = THE N'lMBER OP RECORDS IN THE HFILE FILE. 
KTRCIMT = THE NUMBER OF RECORDS IN THE INTGLS FILE. 
NRCVOL = NUMBEP OF RECORDS TN THE VOLINT FILE. 
NRECD = THE NUMBER OF RECORDS OF THE DIFINT FTLE BEING 

CONSTRUCTED ON A PARTICULAR PASS THRU THE INTEGRATION LOOP. 
NRECV = THE NUMBEP OF RECORDS OF THF VOLINT FILE BEING 

CONSTRUCTED ON A PARTICULAR PASS THRU THE INTEGRATION LOOP. 
NRZFLX = 0, ^0 NOT CONSTRUCT AN OUTPUT RZFLUX FILF. 

.GT. 0, THE VERSION NUMBER FOR THE OUTPUT RZFLUX FILE. 
NSCALE = 1 IF USER SUPPLIED SCALING FACTORS ESCALE AND HSCALE 

ARE TO HE APPLIED, 0 TF NOT. 
NSTRIF = FORMAT SENTINEL FOR DIFINT FILE. 
NTITLE = THE NUMBER CF A6 WORDS USED TO STORE THE TITLE. 
NTRTAG = TRIANGULAR MESH 3ENTINAL. 
NTRIPT = SECONDARY T R I A N G U L A R MESH SENTINAL. 
»JTPYP = THE NUMBFR OF ENTRIES IK LISTV WHICH PER'''AIN TO THE 

IDIFTB TAPLE OF CONTENTS. 
fjTPyv = THE FIRST NTRYV ENTRIES IN LISTV PERTAIN TO THE IVOLTB 

TABLE OF CONTENTS. 
NTYPES = MAXIMUM ALLOWED NUMBER OF INPUT CARD TYPES. 
NU'IREC = THE NHMPER OF OUTPUT INTEGPAL RECORDS THAT CAN BE 

CONTAINED IN CORE. 
(NUMCHN (I) ,1=1, NCHNST) = NUMBER OF CHANNELS TN C H A N N F L 3TRUCTUPE 

SCHEME I. 
NUMCMP = THE NUMBER OF MATERIALS FOP ICHICH CROSS S F C T I O N S ARE 

RFOUIPEE WHEN THE INTEGRALS ARE CALCULATED (N'lMCMp. LR. M AXCMP) 
NUMFUN = THE NfMBER CF EHNCTIONS REQUIRED TO CALCULATE THE 

INTEGRALS. IE THE UNIT FUNCTION IS REQUIRED, I? IS INCLUDED 
IN "fiM'̂ -JN, EVEN THOUGH NO SUCH FLUX FTLF IS EV1;B "•'PTTTFN 

(NUMFUN. LE .MAXFUN) . 
NUMKZN = THE NUMBER OE AXIAL ZONES IN THE MODEL. THERE IS AN NEW 

ZONE WHEN EITHER THE PLANAP G E C M E T P Y OF THE FUNCTION SE'̂ S 
CHANGE. 

NUMPLN = THF NUMPER CF PLANAR GEOMETRIES REQUTRED T Q CALCULATE 
THE TNTFGRALS. (NUMPLN.LE.MAXPLN) 

N3DAPJ = 0, PC NOT CCNSTPUCT AN OUTPUT ATFLUX FILE. 
.GT. 0, THE VERSION NUMBER FOR THE OUTPUT ATFLUX FILE. 

N3DFLX = 0, DO NOT CONSTRUCT AN OUTPUT PTFLUX FILE. 
.GT. P, THE VERSION NUMBER FOR THE OUTPUT RTFLUX FILE. 

((ORTHFC (I, J) ,1=1 ,MAXDIM) ,.7=1,NUP"KZN) = THE FACTORS FOR EACH 
SYNTHESIS ZONE USEP TN THE NORMALIZATION/DIFFERENCING 
TEANSFOPMATTON APPLIED TO THE S Y N T H E S T S EQUATIONS. "OR EACH 
ZONE THE FACTOPS ARF STORED IN THE SAME MANNER AS THE 

CORRESPONDING COMBINING COEFFICIFNT. 
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APPENDIX G. FORTRAN VARTABLF GLOSSARY. (CONTD.) 

( ( ( P L N N A M ( T , J ) , T = 1 , 3 ) , I V P P L N ( J ) ) , J = 1 , M A X P L N ) = FULL NAME OF 

F I L E FOR PLANAR GEOMETRY J . 
( P O W ( I ) , I = 1 ,MAXFUN*LGR0UP*MAXPLN) = AN APRAY C O N T A I N I N G POWER 

INTEGRALS FOR EACH FUNCTION AND P L A N F . THE T«)'''EGRALS ARE 
STORED TN TEE SAMF WAY AS THE COMBINING C O E F F I C T F N T S , WITH 
BLANKS OMITTED. POINTERS TO THE F I R S T NONZERO GPOUP ARE 
GIVEN I N THE ARRAY IPWTOC. 

POWFIS = WATTS PER F I S S I O N . 
( P P ( I ) , I = 1 , T . F N 1 ) = A SCRATCH ARRAY USED I N C A L C U L A T T N G THE 

I N T E G R A L S . FQR A MULTICHANNEL CALCULATION 3 * L E N 1 TS RESERVED. 
((REM ( I , J ) , T = 1 , K D I M ( I Z ) ) , J = 1 ,KDIM ( I Z ) ) = THE SUBBLOCK (FOR THE 

CURRENT AXIAL MESH INTERVAL) C O N T A I N I N G THE I N T E G R A L S OVER 
THE REMOVAL CROSS S E C T I O N S . I Z I S THE S Y N T H E S I S ZONE 
ASSOCIATED WITH THE CURRENT AXIAL MESH I N T E R V A L . 

( ( r ' E S U L T ( I , J ) , T = 1 , L E N T N T ) , J = 1 , N U M R E C ) = ARRAYS FOR OUTPUT 
I N T E G P A I . S . 

(TIMF ( I ) , 1 = 1 , 1 0 ) = THE ARRAY IN THF ARGUMENT O F S U B R O U T I N E TIMER. 
( T I T L E ( I ) , 1 = 1 , N T I T L E ) = USER ^ N p n T T I T L E . 
( ( ( U ( I , J , K ) , 1 = 1 , L G R O U P ) , J = 1 ,NGROUP) , K = 1 , 2 ) = GENERAL GROUP 

COLLAPSTNG MATRIX FOR THE EXPANSION F U N C T T G N S ( K = 1 ) AND 
WEIGHTING F U N C T I O N S ( K = 2 ) . 

(VOL ( I ) , 1 = 1 , L E N D = A S C R A T C ARRAY FOR MFSH BLOCK V O L J - E S . 
( ( ' ' S C A L E ( I , J ) , 1 = 1 ,NGRCUP) , J = 1 , M A X F U N ) = A USEP S U P P L I E D S C A L I N G 

FACTQP FOR EAC^ GROUP 0 " FUNCTION J WHEN F U N C T I ' ^ H J T s USED 
AS A WEIGHTING F U N C T I O N . T ̂  CAN ONLY HAVE AN EFFEC"" W"EN 
GROUP COLLAPSING I S EMPLOYED-

XEPS = A SMALL NUMBER USED I N TESTS FOR ZERO C P O S S S E C T O V S . 
( X S E C T 1 ( I ) , I = 1 , L E N X S I ) = T H F ARRAY INTO WHICH A RECORD OF REQXST 

TS READ. XSFCT2 3 E P V F S THE SAME P U R P O S E . 
(ZMESH (K) , K = 1 , K M A X ) = P O S I T I O N OF UPPER BOUNDARY OF AXIAL MESH 

INTERVAL K. 



APPENDIX H. Sample Problem Output. Problem 1 - Complete Output, with Cross Section Edits 

SYN3D, OVEKLAY CASDS TKHEE GROaP, FUNDAMENTAL BODE CALCULATION 1/20/, Ol».lt3., PAGE 1 

LISTING OF SYN3D INPUT 

CAEDS-PFE-CABD-TYPE DATA 
1 1 0 1 1 0 1 0 0 0 0 0 0 C O O C O O O O 

CARD 
TYPE 

1 THREE GBODP, FUNDAMENTAL MODE CALCULATION 
2 5 1 0 0 0 0 0 0 0 0 2 
H 3 0 . 10000E+02 0 0 .0 0 0 .0 
5 1 0 . 0 0 . 1 0 0 0 0 E + 0 2 0 . 0 0 . 0 
7 UNIT 0 0 . 0 0 . 1 0 0 0 0 E + 0 2 0 . 0 0 . 0 



SYN3D, OVERLAY HHGUC THREE GROUP, FUNDAMENTAL MODE CALCULATION 1 / 2 0 / , 01 t .<»3 . , PAGE 2 

* • * HMG4C - CCCC TO ARC SYSTEM CROSS SECTION HOMOGENIZAl10N * * * 

FILE NDXSRF I S LON ItO AND CONTAINS THE USER ID - 3 D , 3 G P MODEL-

FILE ZNATDN TS LUN H^ AND CONTAINS THE USER ID - 3 D , 3 G P MODEL-

FILE ISOTXS I S LHN 39 AND CONTAINS THE USER ID - 3 D , 3 G P MODEL-

FILE COMPXS HILL NOW BE WRITTEN ON LUN 50 



SYN3D, OVERLAY HMGUC THEEE GROUP, FUNDAMENTAL MODE CALCULATION 

* * * EDIT OF MACROSCOPIC CROSS SECTION FILE COMPXS * * * 

1/20/, 0a.l»3., PAGE 

NCMP, NUMBER OF COMPOSITIONS = 7 
NGROUP, NUMBER OF ENERGY GROUPS = 3 
ISCHI, PROMPT FISSION SPECTRUM FLAG = 1 
NFCMP, NUMBER OF FISSIONABLE COMPOSITIONS = H 
MAXUP, MAXIMUM NUMBER OF GROUPS OF UPSCATTERING = 0 
BAXDN, MAXIMUM NUMBER 07 GROUPS OF DOWNSCATTERING = 2 
NDUM1, RESERVED VARIABLE = 0 
NDUB2, RESERVED VARIABLE = 0 
NDUK3, RESERVED VARIABLE = 0 
ND0MI», RESERVED VARIABLE = 0 

1, 9.673173D-01 2 . 

PROMPT FISSION SPECTRUM (SET CHI VECTOR) 

3 . 2 6 6 U 1 9 D - 0 2 3 , 1 . 9 1 * 7 2 0 1 0 - 0 5 

LO 



SYN3D, OVERLAY HMGUC 

ICHI = - 1 

THREE GROUP, FUNDAMENTAL MODE CALCULATION 

FDIT OF (FISSIONABLE) COMPOSITION NO. 1 

1 / 2 0 / , 0 « . 1 » 3 . , PAGE 

GROUP 

1 
2 
3 

GROUP 

ABSORPTION 

3 . 5 2 3 2 7 0 D - 0 3 
5 . 7 3 1 0 6 U D - 0 3 
2 . a 2 8 « 5 0 D - 0 2 

TOTAL 

m 6 8 6 3 « D - 0 1 
2 . 5 7 3 5 3 8 D - 0 1 
3 . 3 2 9 8 0 0 D - 0 1 

REMOVAL 

1 . 2 2 m 7 7 D - 0 2 
6 . 5 2 6 0 6 5 D - 0 3 
2 . i » 2 8 « 5 0 D - 0 2 

TRANSPORT 

1 . 6 3 0 3 a 3 D - 0 1 
2 . 8 l t 8 2 3 3 D - 0 1 
3 . 5 5 6 8 7 1 D - 0 1 

FISSION 

2.502560D-03 
1.984178D-03 
7.802667D-03 

N(J*FISSION 

7.1» 17706D-03 
5.708737D-03 
2.239440D-02 

CHI NUP NDN 

9. 
3, 
1. 

,6731730-01 
.2664190-02 
. 9l»7201D-05 

0 
0 
0 

0 
1 
2 

POWER CONVERSION 
FACTOR 

8 . 0 0 8 1 8 9 D - m 
6 . 3 K 9 3 6 7 D - 1 4 
2 . U 9 6 8 5 2 D - 1 3 

DIRECTIONAL DIFFUSION COEFF. MULTIPLIER 
DIMENSION 1 DIMENSION 2 DIMENSION 3 

DIRECTIONAL DIfFOSION COEFF. ADDITIVE TERM 
DIMENSION 1 DIMENSION 2 DIMENSION 3 

1.00000D+00 
1.00000D+00 
1.00000D+00 

1.000000+00 
1.00000O+00 
1.00000D+00 

1 .OOOOOD+00 
1 .000000 + 00 
1.000000+00 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 

0.0 
0.0 

INTO GROUP/FROM GROUP, CROSS SECTION 

TOTAL SCATTERING CROSS SECTION 

1 
2 
3 

1, 
1, 
1, 

1.ili»573l)D-01 
8.72U962D-03 
3.a0l»mt90-08 

2, 
2, 

I . 5 6 1 * 7 3 9 0 - 0 1 
7 . 9 5 0 0 1 5 0 - 0 1 1 3 , 3 . 0 9 m 6 5 D - 0 1 



SYN3D, OVERLAY HMGUC THREE GROUP, FUNDAMENTAL MODE CALCULATION 

EDIT OF (FISSIONABLE) COMPOSITION NO. 

OD 

1 
2 
3 

I C H I = - 1 

P ABSORPTION 

3 . 9 8 7 7 1 * 1 0 - 0 3 
6 . 2 8 9 7 2 3 D - 0 3 
2 . 8 6 1 1 9 5 0 - 0 2 

1 . 
2 . 
3 . 

TOTAL 

U2337i*D-01 
1*956020-01 

, 3 2 i m 6 D - 0 1 

REMOVAL 

1 . 2 2 7 6 0 9 0 - 0 2 
7 . 0 6 9 1 3 2 D - 0 3 
2 . 8 6 1 1 9 5 0 - 0 2 

TRANSPORT 

1 . 5 8 0 0 7 5 D - 0 1 
2 . 7 6 5 1 * 5 2 0 - 0 1 
3 . 5 1 * 2 0 0 7 0 - 0 1 

F I S S I O N 

3 . 0 5 1 8 1 5 D - 0 3 
2 . 7 0 5 6 9 8 0 - 0 3 
1 . 0 6 « 0 0 0 O - 0 2 

1 / 2 0 / , 0 4 . 4 3 . , PAGE 

NU*FISSION 

9 . 0 9 4 5 1 6 0 - 0 3 
7 . 7 8 4 6 4 3 0 - 0 3 
3 . 0 5 3 7 8 3 D - 0 2 

CHI NUP NDN 

9 . 6 7 3 1 7 3 0 - 0 1 
3 . 2 6 6 4 1 9 D - 0 2 
1 . 9 4 7 2 0 1 0 - 0 5 

0 
0 
0 

0 
1 
2 

GROUP PO'-JEE CONVERSION 
FACTOR 

DIRECTIONAL DIFFUSION COEFF. MULTIPLIER 
DIMENSION 1 DIMENSION 2 DIMENSION 3 

DIRECTIONAL DIFFUSION COEFF. ADDITIVE TEEM 
DIMENSION 1 DIMENSION 2 DIMENSION 3 

9 . 7 6 5 8 0 5 0 - 1 1 * 
8 . 6 5 8 2 2 9 0 - 1 4 
3 . 4 0 4 7 9 9 0 - 1 3 

1.OOOOOD+00 
1 . 0 0 0 0 0 D + 0 0 
1 . 0 0 0 0 0 0 + 0 0 

1.00000D+00 
1 .000000+00 
1.oooooo+oo 

1 .000000+00 
1 . 000000+00 
1 . 000000+00 

0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 

INTO GROUP/FROM GROUP, CROSS SECTION 

TOTAL SCATTERING CROSS SECTION 

1 
2 
3 

1 , 
1 , 
1 , 

1 . 3 9 5 4 7 2 0 - 0 1 
8 . 3 1 6 9 8 5 D - 0 3 
3 . 0 1 3 9 6 7 D - 0 8 

2 , 
2 , 

2 . 4 8 4 7 8 1 0 - 0 1 
7 .794088D-04 3 , 3 . 0 4 3 2 8 6 0 - 0 1 



SYN3D, OVERLAY HMG4C 

ICHI 

THREE GROUP, FUNDAMENTAL MODE CALCULATION 

EDIT OF (FISSIONABLE) COMPOSITION NO. 

1 / 2 0 / , 0 4 . 4 3 . , PAGE 

GROUP 

1 
2 
3 

GROUP 

ABSORPTION 

2 . 0 0 2 6 1 5 D - 0 3 
3 . 8 0 2 7 0 8 D - 0 3 
1 . 1 8 1 0 5 4 0 - 0 2 

TOTAL 

1.631573 0 -01 
2 . 9 1 2 8 1 7 0 - 0 1 
3 .76251 8D-01 

REMOVAL 

1.143''02O-02 
4.6774450-03 
1. 1810540-02 

TRANSPORT 

1 . 8 0 2 9 6 9 0 - 0 1 
3 . 199527D-01 
4 . 0 2 0 6 6 2 0 - 0 1 

FISSION 

8 . 6 7 4 1 5 6 0 - 0 4 
7 . 9 9 9 9 9 6 0 - 5 3 
7 . 9 9 9 9 9 6 0 - 5 3 

NU*FISSION CHI NUP NDN 

2 . i *53750D-03 
0 . 0 
0 .0 

9 . 6 7 3 1 7 3 0 - 0 1 
3. 2 6 6 4 1 9 0 - 0 2 
1 . 9 4 7 2 0 1 0 - 0 5 

0 
0 
0 

0 
1 
2 

POWER CONVERSION 
FACTOR 

2 . 7 7 5 7 2 9 D - 1 4 
2 . 5 5 9 9 9 8 0 - 6 3 
2 . 5 5 9 9 9 8 0 - 6 3 

DIRECTIONAL DIFFUSION COEFF. MULTIPLIER 
DIMENSION 1 DIMENSION 2 DIMENSION 3 

1 .000000+00 
1 .00000D+00 
1 .000000+00 

1 .000000+00 
1.00000D+00 
1 .000000+00 

1.00000D+00 
1 .000000+00 
1 .000000 + 00 

DIRECTIONAL DIFFUSION COEFF. ADDITIVE TERM 
DIMENSION 1 DIMENSION 2 DIMENSION 3 

0 .0 
0 .0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 

TOTAL SCATTERING CROSS SECTION 

INTO GROUP/FROM GPOOP, CROSS SECTION 

1 
2 
3 

1 . 
1 , 
1 , 

1 . 6 1 8 9 0 1 0 - 0 1 
9 . 4 7 5 2 6 8 D - 0 3 
3 . 9 7 6 4 3 3 0 - 0 8 

2 , 
2 , 

2 . 9 1 2 6 4 3 0 - 0 1 
8 . 7 4 7 3 7 5 0 - 0 4 3, 3 . 6 4 9 1 8 9 D - 0 1 



SYNSD, OVERLAY HMG4C THREE GROUP, FUNDAMENTAL MODE CALCULATION 

EDIT OF (FISSIONABLE) COMPOSITION NO. 

1/20/, 04.43., PAGE 

Ot 

1 
2 
3 

ICHI = - 1 

IP ABSORPTION 

3 . 5 0 3 6 1 5 D - 0 3 
6 . 4 5 4 6 4 3 0 - 0 3 
1 . 8 2 8 4 7 6 0 - 0 2 

TOTAL 

2 . 0 8 5 1 0 7 0 - 0 1 
3 . 5 9 7 7 2 3 0 - 0 1 
4 . 0 6 9 0 5 0 0 - 0 1 

REMOVAL 

1 . 7 0 7 0 7 5 0 - 0 2 
7 . 5 0 6 4 6 1 0 - 0 3 
1 . 8 2 8 4 7 6 0 - 0 2 

TRANSPORT 

2 . 3 2 4 1 9 4 0 - 0 1 
3 . 9 6 4 8 3 8 0 - 0 1 
4 . 3 8 2 1 7 9 0 - 0 1 

FISSION 

1 . 5 7 2 1 9 1 0 - 0 3 
1 . 4 4 9 9 9 9 0 - 5 2 
1 . 4 4 9 9 9 9 D - 5 2 

NU*FISSION CHI NOP NDN 

4 . 4 4 7 4 2 1 D - 0 3 
0 .0 
0 . 0 

9, 
3. 
1 . 

. 6 7 3 1 7 3 0 - 0 1 

. 2 6 6 4 1 9 0 - 0 2 

. 9 4 7 2 0 1 0 - 0 5 

0 
0 
0 

0 
1 
2 

GROUP POKER CONVERSION 
FACTOR 

DIRECTIONAL DIFFUSION COEFF. MULTIPLIER 
DIMENSION 1 DIMENSION 2 DIMENSION 3 

DIRECTIONAL DIFFUSION COEFF. ADDITIVE TERM 
DIMENSION 1 DIMENSION 2 DIMENSION 3 

5 . 0 3 1 0 0 9 D - 1 4 
4 . 6 3 9 9 9 6 0 - 6 3 
4 . 6 3 9 9 9 6 0 - 6 3 

1.OOOOOO+OO 
1 .000000+00 
1 .00000D+00 

1 .000000+00 
1 . 0 0 0 0 0 0 + 0 0 
1 .000000+00 

1 .000000+00 
1 .000000+00 
1 . 0 0 0 0 0 0 + 0 0 

0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 

INTO GHODP/FBOM GROUP, CROSS SECTION 

TOTAL SCATTERING CROSS SECTION 

1 
2 
3 

1 , 
1 , 
1 , 

2 . 0 7 6 7 3 0 0 - 0 1 
1 . 3 6 4 1 2 0 D - 0 2 
7 . 0 1 5 7 1 7 D - 0 8 

2 , 
2 , 

3 . 5 6 2 9 4 2 D - 0 1 
1 . 0 5 1 8 1 9 D - 0 3 3 , 3 . 8 9 1 4 8 4 0 - 0 1 

•P-



SYN3D, OVERLAY HMG4C 

ICHI 

THREE GROUP, FUNDAMENTAL MODE CALCULATION 

EDIT OF (NONFISSIONABLE) COMPOSITION NO. 

1 / 2 0 / , 0 4 . 4 3 . , PAGE 8 

GROUP 

1 
2 
3 

GROUP 

ABSORPTION 

3 . 0 2 8 7 9 4 0 - 0 4 
1 . 0 7 7 9 9 7 0 - 0 3 
7 . 8 9 1 6 2 2 0 - 0 3 

TOTAL 

1 . 7 4 7 1 5 2 0 - 0 1 
3 . 5 7 7 2 7 0 D - 0 1 
6 . 4 6 8 9 4 6 0 - 0 1 

REMOVAL 

5.7363230-03 
2.0755490-03 
7.891622D-03 

TRANSPORT 

1. 8567620-01 
3.793013D-01 
6.7949240-01 

NUP NDN 

0 0 
0 1 
0 2 

POWER CONVERSION 
FACTOR 

0 . 0 
0 . 0 
0 . 0 

DIRECTIONAL DIFFUSION COEFF. MULTIPLIER 
DIMENSION 1 DIMENSION 2 DIMENSION 3 

1.OOOOOO+OO 
1 .000000+00 
1.3 OOOOD + 00 

1 .000000+00 
1 .000000+00 
1.OOOOOD+00 

1 .000000 + 00 
1.OOOOOD+00 
1 .000000+00 

DIRECTIONAL DIFFUSION COEFF. ADDITIVE TERM 
DIMENSION 1 DIMENSION 2 DIMENSION 3 

0 . 0 
0 .0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 

INTO GROUP/FROM GROUP, CROSS SECTION 

TOTAL SCATTERING CROSS SECTION 

1 , 
1 , 
1 , 

1 . 7 0 3 0 3 1 0 - 0 1 
5 . 4 3 3 4 3 9 0 - 0 3 
4 . 9 1 6 4 0 0 0 - 0 9 

2 , 
2 , 

3 . 5 7 7 3 0 6 D - 0 1 
9 . 9 7 5 5 1 4 0 - 0 4 3 , 6 . 3 9 7 8 4 7 0 - 0 1 

OD 



SYN3D, OVERLAY HMG4C 

:CHI 

THREE GROUP, FUNDAMENTAL MODE CALCULATION 

EDIT OF (NONFISSIONABLE) COMPOSITION NO. 

1 / 2 0 / , 0 4 . 4 3 . , PAGE 

or 
1 
2 
3 

IP ABSORPTION 

5 . 2 1 8 6 5 4 0 - 0 3 
2 . 7060 30D-02 
1 .772749D-01 

TOTAL 

1 .3937850-01 
3 . 2 2 5 6 0 6 0 - 0 1 
5 . 5 2 5 0 8 4 0 - 0 1 

REMOVAL 

3.0741530-02 
2.8750270-02 
1.7727490-01 

TRANSPORT 

2. 3856050-01 
4. 1465900-01 
6.375915D-01 

NUP NDN 

0 0 
0 1 
0 2 

GROUP POWER CONVERSION 
FACTOR 

DIRECTIONAL DIFFUSION COEFF. MULTIPLIER 
DIMENSION 1 DIMENSION 2 DIMENSION 3 

DIRECIIOSAL DIFFUSION COEFF. ADDITIVE TERM 
DIMENSION 1 DIMENSION 2 DIMENSION 3 

0.0 
0.0 
0.0 

1.D 00000+00 
1.OOOOOD + 00 
1.000000+00 

1.OOOOOO+OO 
1 .000000+00 
1.OOOOOD + 00 

1 .000000+00 
1.OOOOOO+OO 
1 .000000+00 

0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 

0 . 0 
0 . 0 
0 . 0 

INTO GROUP/FROM GROUP, CROSS SECTION 

TOTAL SCATTERING CROSS SECTION 

1 
2 
3 

1 , 
1 , 
1 , 

1.7473160-01 
2.5522870-02 
1.287798D-09 

2 , 
2 , 

3.009916D-01 
1.6899640-03 3, 3.7971700-01 



SYN30, OVERLAY HMG4C 

ICHI 

THREE GROUP, FUNDAMENTAL MODE CALCULATION 

EDIT OF (NONFISSIONABLE) COMPOSITION SO. 

1 / 2 0 / , 0 4 . 4 3 . , PAGE 10 

OUP 

1 
2 
3 

ABSORPTION 

2 . 3 3 5 8 1 0 0 - 0 5 
5 . 1 0 5 9 1 2 0 - 0 5 
1 . 3 4 9 7 0 9 D - 0 4 

TOTAL 

5 . 5 1 2 9 3 0 0 - 0 2 
8 . 2 9 4 1 4 9 0 - 0 2 
6 . 6 2 3 2 5 2 D - 0 2 

GROUP 

REMOVAL 

4 . 1 0 1 9 8 6 0 - 0 3 
4 . 6 8 6 8 2 7 0 - 0 4 
1 . 3 4 9 7 0 9 0 - 0 4 

TRANSPORT 

6.3443910-02 
1.0267330-01 
7.422477D-02 

NUP NDN 

0 0 
0 1 
0 1 

POWER CONVERSION 
FACTOR 

0.0 
0.0 
0.0 

DIRECTIONAL DIFFUSION COEFF. MULTIPLIER 
DIMENSION 1 DIMENSION 2 DIMENSION 3 

1.3 00000 + 00 
1.OOOOOD+00 
1.3 00000+00 

1.000000+00 
1.000000+00 
1.000000+00 

1 .000000+00 
1.OOOOOD+00 
1.OOOOOD+00 

DIRECTIONAL DIFFUSION COEFF. ADDITIVE TERM 
OIBENSION 1 DIMENSION 2 DIMENSION 3 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

0.0 
0.0 
0.0 

INTO GROOP/FBOM GROUP, CROSS SECTION 

TOTAL SCATTERING CROSS SECTION 

1 
2 
3 

1 , 
1 , 
2 , 

5.5878750-02 
4.0786280-03 
4. 1762360-04 

2 , 
3 , 

) . 2 8 6 8 0 8 0 - 0 2 
6 . 6 1 9 2 3 0 0 - 0 2 

O 



SYN3D, OVERLAY HMG4C THREB GROUP, FUNDAMENTAL MODE CALCULATION 1 / 2 0 / , 0 4 . 4 3 . , PAGE 11 

S I Z E OF CONTAINER ALLOCATED FOB HMG4C - 5 0 0 0 

SIZE OF CONTAINER ACTUALLY USED BY HMG4C - 445 

ELAPSED CPU TIME 

ELAPSED PP TIME 

0 . 2 2 SEC. 

0 . 0 0 SEC. 

* * * END OF HMG4C * • * 

Ul 



SYN3D, OVERLAY INTEG THREE GROUP, FUNDAMENTAL MODE CALCULATION 1/20/, 04.43., PAGE 12 

GENFRAL PROBLEM DATA 
NUMBER OF GROUPS = 3 (NGROUP) 
BPOINTER CONTAINER SIZE = 5000 
NUMBER OF ATIAL MESH INTERVALS = 3 
THERE IS NO GROUP COLLAPSING 
THERE IS NO 10 BUFFERING 
THERE IS NO INPUT FUNCTION SCALING 
THERE WERE NO INPUT INTEGRALS 

BOUNDARY CONDITIONS 
LOUEE X BOUNDARY CONDITION = ZERO CU? RENT 
UPPER X BOUNDARY CONDITION = ZERO CURRENT 
LOWER Y BOUNDARY CONDITION = ZERO CURRENT 
UPPER Y BOUNDARY CONOITICN = ZERO CURRENT 
LOWER Z BOUNDARY CONDITION = ZERO CURRENT 
UPPER Z BOUNDARY CONDITION = ZERO CURRENT 

IJi 



S Y N 3 0 , OVERLAY INTEG 

FUNCTION FILE 
NUMBER NUMBER 

1 9 9 9 

THREE GROUP, FUNDAMENTAL MODE CALCULATION 

FILE NAHE 

1 / 2 0 / , 0 4 . 4 3 . , PAGE 13 

UNIT 0 
GROUPS USED 

ALL 3 

AXIAL POSITION PLANAE GE3METRY 
(CM) GEOMETRY NUMBER FILE NUMBER GEOMETRY FILE NAME 

0 . 0 TO 1 0 . 0 1 11 GEODST, FLAT, FLUX , 1 

AXIAL MESH INTERVALS 
3 . 3 3 3 0 + 0 0 3 . 3 3 3 0 + 0 0 3 . 3 3 3 0 + 0 0 

EXPAMSIDN 
FUNCTION NOMBEitS 

1 

WEIGHTING 
FUNCTION NUMBERS 

1 

DATA MANAGEMENT PARAMETERS FOR 
SPACE AVAILABLE DURING FLUX 
REQFLX F I L E , WORDS/RECORD = 

ROWS OF FLUXES/RECORD = 
REQXST F I L E , WORDS/RECORD = 

COMPOSITIONS/RECORD FOR FISSION-REMOVAL RECORDS = 
SPACE AVAILABLE DURING INTEGRATION = 2 1 2 0 
VOLINT AND DIFINT F I L E S , WORDS/RECORD = 2 0 0 0 

INTEGEAL CALCULATION 
AND CROSS SECTION REWRITE 

2 2 6 
14 

1 5 

7998 
NUMBER OF CONCURRENT RECORDS DURING REWRITE = 34 
COLUMNS OF FLUXES/RECORD = 14 
NUMBER OF CONCURRENT RECORDS DURING REWRITE =513 
GROUPS/RECORD FOR DIFFUSION COEFFICIENT RECORDS = 

NUMBER OF CONCURRENT aECOHDS DURING INTEGRATION = 

Ul 

u> 



SYN3D, OVERLAY INTEG 

FINAL INTEGRAL TOCS 

VOLINT FILE 
1=REM,2=FIS RECORD 

ENTRY 3=POW,4=FLUX NO. 
1 3 1 
2 4 1 
3 1 1 
4 2 1 

THREE GROUP, FUNDAMENTAL MODE CALCULATION 

POU TER 
IN RECORD 

16 
19 
1 
7 

PLANAR 
GEOMETRY 

1 
0 
1 
1 

NO. 
WEIGHTING 
FUN. 

0 
0 
1 
1 

NO. 
EXPANSION 
FUN. NO. 

1 
1 
1 
1 

NO. OF 
RECORDS 

1 
1 
1 
1 

1/20/, 04.43., PAGE 14 

DIFINT FILE 
MESH RATIO = (LOWER DELTA Z)/(UPPER DELTA Z) 
LOSER PLANE = 0 FOR LOWER BOUNDARY INTEGRAL 
UPPER PLANE = 0 FOR UPPER BOUNDARY INTEGRAL 

ENTRY 
1 
2 

RECORD POINTER LOWER PLANAR UPPER PLANAR 
NO. IN RECORD GEOMETRY NO. GEOMETRY NO. 

1 1 0 1 
1 4 1 1 
1 7 1 0 

MESH 
RATIO 
1.00 
1.00 
1.00 

WEIGHTING 
FUN. NO. 

1 
1 
1 

EXPANSION 
FON. NO. 

1 
1 
1 

NO. OF 
RECORDS 

1 
1 
1 

TIME SPENT IN OVERLAY INTEG 
SUBROUTINE I N P R O l , CP 
SUBROUTINE REDTOC, CP 
SUBROUTINE REWRIT, CP 
SUBROUTINE INTI , CP 
SUBROUTINE INT2 , CP 
SOBHOUTINE INT3 , CP 
SOBBOUTIIIE INT4 , CP 
SUBHOOTINE RITTOC, CP 
SOBROOTIHE I N T R I T , CP 

CP = 
0.0, 
0.0, 
0. 1, 

0.4, 
PP = 
PP = 
PP = 
PP = 
PP = 
PP = 
PP = 
PP = 
PP = 

PP = 0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

Ul 



SYNSD, OVERLAY SOLVE THRES GROUP, FUNDAMENTAL MODE CALCULATION 

INTTOC FILE LABEL = 1/20/ 0443.6, VERSION NUMBER = 2 

1/20/, 04.43., PAGE 15 

DATA MANAGEMENT PARAMETERS FOE SOLUTION 
INTGLS FILE, WOROS/SECOHD = 45 

NUMBER OF RECORDS = 1 
H FILE, WORDS/RECOEO = 18 

NUMBER OF CONCUEEENT EECORDS DURING GAUSS ELIMINATION 

NUMBER OF RECORDS = 1 

DIRECT EIGENVALUE CALCULATION 
EIGENVALUE ESTIMATE =0.0 
ITERATION EIGENVALUE 

1 0.12906E+01 
2 0.13017E+01 
3 0.13017E+01 
4 0.13017E+01 

THE CALCULATION HAS CONVERGED ON AN EIGENVALUE 

NORMALIZATION, FLUX * SIGMA-F * POWER/FISSION = 

, MAXIMUM NUMBER OF ITERATIONS = 1 0 , CONVERGENCE CRITERION = 0 . 1 0 0 0 0 E - 0 4 

0 . 1 0 0 0 0 E + 0 1 WATTS. 

U l 
U l 



SYN3D, OVERLAY SOLVE THREE GROUP, FUNDAMENTAL MODE CALCULATION 

COMBINING COEFFICIENTS FOR DIRECT CALCULATION 

1/20/, 04.43., PAGE 16 

FUNCTION NO. 
GROUP 

AXIAL AXIAL 
POSITION GEOM. 

1.67 1 
5 . 0 0 1 
8 .33 1 

4 . 1 9 1 E + 0 7 
4 . 1 9 1 E + 0 7 
4 . 1 9 1 E + 0 7 

TIME SPENT IN OVERLAY SOLVE 
SUBROUTINE REDTOC, CP 
SUBROUTINE WINTGL, CP 
SUBROUTINE CALPOW, CP 
SUBROUTINE SPROB , CP 
SUBROUTINE OUTPRO, CP 

5 . 8 6 8 E + 0 7 
5 . 8 6 8 E + 0 7 
5 . 868E + 07 

1 . 9 2 1 E + 0 6 
1 . 9 2 1 E + 0 6 
1 . 9 2 1 E + 0 6 

CP = 0. 2 , PP 
0 . 0 , PP = 
0 . 0 , PP = 
0 . 0 , PP = 
0 . 1 , PP = 
0 . 0 , PP = 

0.0 
0.0 
0.0 
0.0 
0.0 

0 . 0 

U l 
ON 



APPENDIX H. Sajiple Problem Output. Problem 2 - Conplete Output 

S y N 3 D , OVERLAY CARDS 2D BUCKLED PLANE (THE UNRODDED CORE PLANE FROM THE 3 0 MODEL) 
HALF CORE AXIAL SYMMETEY 

1 / 2 0 / , 0 5 . 0 7 . , PAGE 

LISTING OF SYN3D INPUT 

CAEDS-PEE-CARD-TYPE DATA 
2 1 1 1 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 

CARD 
TYPE 

1 
1 
2 
3 
4 
5 
7 
8 

2 0 BUCKLED PLANE (THE DNRODDEO CORE PLANE FROM THE 3D MODEL) 
HALF CORE AXIAL SYMMETRY 
6 1 20 0 0 0 0 2 1 0 

0 . 1 0 0 0 0 E + 0 1 0 . 0 0 .10000E+02 
30 0 . 6 0 0 0 0 E + 0 2 0 0 . 0 0 0 . 0 

1 0 . 0 0 . 6 0 0 0 0 E + 0 2 0 . 0 0 . 0 
RTFLUX 1 0 . 0 0 . 6 0 0 0 0 E + 0 2 0 . 0 0 . 0 
UNIT 0 0 . 0 0 . 6 0 0 0 0 E + 0 2 0 . 0 0 . 0 

U l 
•~4 



SYN3D, OVERLAY INTEG 2D BUCKLED PLANE (THE UNRODDED CORE PLANE FROM THE 3D MODEL) 
HA IF CORE AXIAL SYMMETEY 

1/20/, 05.07., PAGE 

GENERAL PBOBLEM DATA 
NUMBER OF GROUPS = 3 (NGROUP) 
BPOINTER CONTAINER SIZE = 6000 
NUMBER OF AXIAL MESH INTERVALS = 30 
THERE IS NO GROUP COLLAPSING 
THERE IS NO 10 BUFFERING 
THERE IS NO INPUT FUNCTION SCALING 
THESE WERE NO INPUT INTEGRALS 

BOUNDARY CONDITIONS 
LOWER X BOUNDARY CONDITION = ZERO CURRENT 
UPPER X BOUNDARY CONDITION = ZERO FLOX 
LOWER Y BOUNDARY CONDITION = ZERO CURRENT 
UPPER Y BOUNDARY CONDITION = ZERO FLUX 
LOWER Z BOUNDARY CONDITION = ZERO CURRENT 
UPPER Z BODNDABY CONDITION = ZERO FLOX 

Ul 
00 



SYN3D, OVERLAY INTEG 2D BUCKLED PLANE (THE UNRODDED CORE PLANE FROM THE 3D MODEL) 
HALF CORE AXIAL SYMMETRY 

1 / 2 0 / , 0 5 . 0 7 . , PAGE 

FUNCTION FILE 
NUMBER NUMBER 

1 22 
2 999 

FILE NAME GROUPS USED 
ETFLUX, UNEOO, CORE, 1 ALL 3 
UNIT , , , 0 ALL 3 

AXIAL POSITION PLANAR GEOHETEY 
(CM) GEOHETEY NUMBEE FILE NUMBER GEOMETRY FILE NAME 

0.0 TO 60.0 1 11 GEODST, CORE, DNROO, 1 

EXPANSION 
FUNCTION NUMBERS 

1 

WEIGHTING 
FUNCTION NUMBERS 

2 

AXIAL MESH INTERVALS 
2 . 0 0 0 O + 0 0 2 . 0 0 0 0 + 0 0 2 . 0 0 0 D + 0 0 2 . 0 0 0 D + 0 0 2 . 0 0 0 D + 0 0 2 . 0 0 0 O + 0 0 2 . 0 0 0 D + 0 0 2 . 0 0 0 D + 0 0 2 . 0 0 0 D + 0 0 2 . 0 0 0 0 + 0 0 2 . 0 0 0 D + 0 0 2 . 0 0 0 D + 0 0 
2 . 0 0 0 D + 0 0 2 . 0 0 0 0 + 0 0 2 . 0 0 0 D + 0 0 2 . 0 0 0 D + 0 0 2 . 0 0 0 D + 0 0 2 . 0 0 0 D + 0 0 2 . 0 0 0 O + 0 0 2 . 0 0 0 O + 0 0 2 . 0 0 0 D + 0 0 2 . 0 0 0 0 + 0 0 2 . 0 0 0 D + 0 0 2 . 0 0 0 0 + 0 0 
2 . 0 0 0 O + 0 0 2 . 0 0 0 D + 0 0 2 . 0 0 0 O + 0 0 2 . 0 0 0 0 + 0 0 2 . 0 0 0 D + 0 0 2 . 0 0 0 0 + 0 0 

DAT* MANAGEMENT PARAMETERS FOE INTEGRAL CALCULATION 
SPACE AVAILABLE DURING FLUX 
REQFLX F I L E , HOHOS/HECOED = 

ROWS OF FLUXES/RECORD = 
REQXST F I L E , WORDS/RECORD = 

COMPOSITIONS/BECOHD FOR FISSION-REMOVAL RECORDS 
SPACE AVAILABLE DURING INTEGRATION = 2 4 1 6 
VOLINT AND DIFINT F I L E S , WORDS/HECOHD = 2 0 0 0 

AND CROSS SECTION REWRITE 
8 1 4 

14 
7 5 

9 8 5 8 
NUMBER OF CONCURRENT RECORDS DURING REWRITE = 11 
COLUMNS OF FLUXES/RECORD = 14 
NUMBER 0 ? CONCUHBENI fiECOBDS DURING REWRITE = 1 2 7 
GR0DPS/R5C0RD FOE DIFFOSION COEFFICIENT RECORDS = ; 

NUMBER 0 7 CONCURRENT RECORDS DURING INTEGRATION = 1 

U l 



SYN3D, OVERLAY INTEG 2 0 BUCKLED PLANE (THE UNRODDED CORE PLANE FROM THE 3D MODEL) 
HALF CORE AXIAL SYMMETRY 

1/20/, 05.07., PAGE 

FINAL INTEGRAL TOCS 

VOLINT FILE 

TBY 
1 
2 
3 
4 
5 
6 

1=REM,2=FIS 
3=POW,4=FLUX 

3 
4 
3 
4 
1 
2 

RECORD 
NO. 

POINTER 
IN RECORD 

16 
19 
22 
25 
1 
7 

PLANAE 
GEOMETEY 

1 
0 
1 
0 
1 
1 

NO. 
•WEIGHTING 
FUN. 

0 
0 
0 
0 
2 
2 

NO. 
EXPANSION 
FON. NO. 

1 
1 
2 
2 
1 
1 

NO. OF 
RECORDS 

DIFINT FILE 
MESB RATIO = (LOWER OSLTA Z)/(UPPER DELTA Z) 
LOWER PLANE = 0 FOB LOWER BOUNDARY INTEGRAL 
UPPER PLANE = 0 FOR UPPER BOUNDARY INTEGRAL 

ENTRY 
1 
2 
3 

RECORD 
NO. 
1 
1 
1 

POINTER 
IN RECORD 

1 
4 
7 

LOWER PLANAR UPPER PLANAR 
GEOMETEY NO. GEOMETRY NO. 

MESH 
RATIO 
1.00 
1 .00 
1.00 

OEIGHTING 
FUN. NO. 

2 
2 
2 

EXPANSION 
FUN. NO. 

1 
1 
1 

NO. OF 
RECORDS 

1 
1 
1 

TIME SPENT IN OVERLAY INTEG , CP = 0.5, PP = 0.0 
SUBROUTINE INPROl, CP = 0.1, PP = 0.0 
SUBROUTINE REDTOC, CP = 0.0, PP = 0.0 
SUBROUTINE REWRIT, CP = 0.1, PP = 0.0 
SOBHOUTINE INTI , CP = 0.0, PP = 0.0 
SUBROUTINE INT2 , CP = 0.0, PP = 0.0 
SUBROUTINE INT3 , CP = 0.0, PP = 0.0 
SOBfiOOTINE INT4 , CP = 0.0, PP = 0.0 
SOBEODTIIIE RITTOC, CP = 0.0, PP = 0.0 
SOBROOTIHE INTRIT, CP = 0.0, PP = 0.0 

o> 
O 



SYN3D, OVERLAY SOLVE 2D BUCKLED P U N E (THE UNRODDED CORE PLANE FROM THE 3D MODEL) 1 / 2 0 / , 0 5 . 0 7 . , PAGE 
HALF CORE AXIAL SYMMETRY 

INTTOC FILE LABEL = 1 / 2 0 / 0 5 0 7 . 8 , VERSION NUMBER = 2 

DATA MANAGEMENT PARAMETERS FOR SOLUTION 
INTGLS F I L E , WORDS/RECORD = 4 5 NUMBER OF CONCURRENT RECORDS DURING GAUSS ELIMINATION = 1 

NUMBER OF RECORDS = 1 
H F I L E , WORDS/RECORD = 261 NUMBEE OF EECOEDS = 1 

DIEECT EIGENVALUE CALCULATION 
EIGENVALUE ESTIMATE = 0 . 1 0 0 0 0 E + 0 1 , MAXIMUM NUMBEE OF ITEEATIONS = 2 0 , CONVEEGENCE CRIIEHION = 0 . 1 0 0 0 0 E - 0 4 
ITEEATION EIGENVALUE 

1 0.99508E+00 
2 0.99600E+00 
3 0.99600E+00 
4 0.996003+00 

THE CALCULATION HAS CONVEEGED ON AN EIGENVALUE 

NOEMALIZATION, FLUX * SIGMA-F * POWER/FISSION = 0.10000E+02 WATTS. 



SYN3D, OVERLAY SOLVE 2C BUCKLED PLANE (THE UNRODDED CORE PLANE FROM THE 3D MODEL) 
HALF CORE AXIAL SYMMETRY 

1 / 2 0 / , 0 5 . 0 7 . , PAGE 

COMBINING COEFFICIENTS FOR DIRECT CALCULATION 

FUNCTION NO 1 
GROUP = 1 

AXIAL AXIAL 
POSITION GEOM. 

1 . 0 0 1 
3 . 0 0 1 
5 . 0 0 1 
7 . 0 0 1 
9 . 0 0 1 

1 1 . 0 0 1 
1 3 . 0 0 1 
1 5 . 0 0 1 
1 7 . 0 0 1 
1 9 . 0 0 1 
2 1 . 0 0 1 
2 3 . 0 0 1 
2 5 . 0 0 1 
2 7 . 0 0 1 
2 9 . 0 0 1 
3 1 . 0 0 1 
3 3 . 0 0 1 
3 5 . 0 0 1 
3 7 . 0 0 1 
3 9 . 0 0 1 
4 1 . 0 0 1 
4 3 . 0 0 1 
4 5 . 0 0 1 
4 7 . 0 0 1 
4 9 . 0 0 1 
5 1 . 0 0 1 
5 3 . 0 0 1 
5 5 . 0 0 1 
5 7 . 0 0 1 
5 9 . 0 0 1 

2 . 0 1 5 E + 0 1 
2 . 0 1 0 E + 0 1 
1 . 9 9 9 E + 0 1 
1 . 9 8 2 E + 0 1 
1 . 9 6 0 E + 0 1 
1 . 9 3 3 E + 0 1 
1 . 9 0 0 S + 0 1 
1 . 8 6 2 E + 0 1 
1 . 8 1 9 E + 0 1 
1 . 7 7 2 E + 0 1 
1 . 7 1 9 E + 0 1 
1 . 6 6 1 E + 0 1 
1. 5 9 9 E + 0 1 
1 . 5 3 3 E + 0 1 
1 . 4 6 2 E + 0 1 
1 . 3 8 8 E + 0 1 
1 . 3 0 9 E + 0 1 
1. 2 2 7 E + 0 1 
1 . 1 4 2 E + 0 1 
1 . 0 5 3 E + 0 1 
9 . 6 1 9 E + 0 0 
8 . 6 7 9 E + 0 0 
7 . 7 1 4 E + 0 0 
6 . 7 2 9 E + 0 0 
5 . 7 2 5 E + 0 0 
4 . 7 0 6 F + 0 0 
3 . 6 7 4 E + 0 0 
2 . 6 3 1 E + 0 0 
1 . 5 8 2 E + 0 0 
5 . 2 7 7 E - 0 1 

IHE SPEKT IH OVERLAY SOLVE 
SOBBOOTIHE 
SOBROOTIHE 
SOBBOOTIHE 
SOBBOOTTHE 
SOBBOOTIHE 

REDTOC, CP 
WIHTGL, CP 
CALPOW, CP 
SPROB , CP 
OUTPRO, CP 

1 
2 

2 . 0 1 5 E + 0 1 
2 . 0 1 0 E + 01 
1 . 9 9 9 E + 01 
1 . 9 8 2 E + 0 1 
1 . 9 6 0 E + 01 
1 . 9 3 3 E + 0 1 
1 . 9 0 0 E + 0 1 
1 . 8 6 2 E + 0 1 
1 . 8 2 0 E + 01 
1 . 7 7 2 E + 01 
1 . 7 1 9 E + 01 
1 . 6 6 1 E + 0 1 
1 . 5 9 9 F + 0 1 
1 . 5 3 3 E + 01 
1 . 4 6 2 E + 0 1 
1 . 3 8 8 E + 0 1 
1 . 3 0 9 E + 0 1 
1 . 2 2 7 E + 0 1 
1 . 1 4 2 E + 0 1 
1 . 0 5 3 E + 0 1 
9 . 6 1 9 E + 0 0 
8 . 6 7 9 E + 0 0 
7 . 7 1 5 E + 0 0 
6 . 7 2 9 E + 0 0 
5 . 7 2 6 F + 0 0 
4 . 7 0 6 E + 0 0 
3 . 6 7 4 E + 0 0 
2 . 6 3 1 B + 0 0 
1 . 5 8 2 E + 0 0 
5 . 2 7 7 E - 0 1 

, CP = 0. 

1 
3 

2 . 0 1 5 E + 0 1 
2 . 0 1 0 E + 0 1 
1 . 9 9 9 E + 0 1 
1 . 9 8 2 E + 01 
1 . 9 6 0 E + 0 1 
1 . 9 3 3 E + 0 1 
1 . 9 0 0 E + 0 1 
1 . 8 6 3 E + 0 1 
1 . 8 2 0 E + 0 1 
1 . 7 7 2 E + 0 1 
1 . 7 1 9 E + 0 1 
1 . 6 6 1 E + 0 1 
1 . 5 9 9 E + 0 1 
1 . 5 3 3 E + 0 1 
1 . 4 6 2 E + 0 1 
1 . 3 8 8 E + 0 1 
1 . 3 0 9 E + 0 1 
1 . 2 2 7 E + 0 1 
1 . 1 4 2 E + 0 1 
1 . 0 5 3 E + 0 1 
9 . 6 1 9 E + 0 0 
e . 6 7 9 E + 0 0 
7 . 7 1 5 E + 0 0 
6 . 7 2 9 E + 0 0 
5 . 7 2 6 E + 0 0 
4 . 7 0 6 E + 0 0 
3 . 6 7 4 E + 0 0 
2 . 6 3 1 E + 0 0 
1 . 5 8 2 E + 0 0 
5 . 2 7 7 B - 0 1 

U, PP = 
0 . 0 , PP = 0 . 0 

= 0 . 0 , PP = 0 . 0 
0 . 0 , PP = 0 . 0 

= 0 . 2 , PP = 0 . 0 
0 . 0 , PP = 0 . 0 

2 
1 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 0 

2 
2 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

2 
3 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

ON 
tsi 



APPENDIX H. Sample Problem Output. Problem 3 - P a r t i a l Output 

SYN3D, OVERLAY CARDS 3 GROUP, 3-DIMENSIONAL MODEL, FLUX WEIGHTED SYNTHESIS 
BLANKET FUNCTIONS (3 AND 4) NOT USED EVERYWHERE 
3D GEO:i ETRY BUILT UP FROM 20 GEODST FILES 

1 / 2 0 / , 0 5 . 1 2 . , PAGE 

LISTING OF SYN30 INPUT 

CARDS-PEE-CARO-TYPE DATA 
3 1 1 1 6 0 4 0 0 

CARD 
TYPE 

1 
1 
1 
2 
3 
4 
5 
5 
5 
5 
5 
5 
7 
7 
7 
7 

16 
17 
19 
21 

3 GROUP, 3-riMENSIONAL MODEL, FLUX WEIGHTED SYNTHESIS 
BLANKET 
3D 

10 
0 

RTFLUX 
RTFLUX 
RTFLUX 
ETFLUX 

0 
1 
1 

10 

FUNCTIONS (3 
GEOMETRY POILT OE 

1 2 0 
. 1 0 0 0 0 E + 0 1 

20 
1 
2 
3 
4 
5 
6 
1 
2 
3 
4 
0 
2 

10 
0 

0 . 

0 . 
0 . 
0 . 
0 . 

0 
0 . 0 

, 2 0 0 0 0 E + 0 3 

0 
, 0 
. 0 

0 . 0 

AND 4) NOT USED EVERYWHERE 
' FROM 

0 

0 

0 . 2 0 0 0 0 E + 02 
0 . 6 0 0 0 0 E + 0 2 
0 . 1 0 0 0 0 E + 0 3 
0 . 1 4 0 0 0 E + 0 3 
0 . 1 8 0 0 0 E + 0 3 

1 2 0 0 0 E + 0 3 
0 
3 
2 
0 

0 
0 

10 
0 

20 GEODST FILES 
0 0 

0 . 1 0 0 0 0 E + 0 2 
0 . 0 
0 . 2 0 0 0 0 E + 0 2 
0 . 6 0 0 0 0 E + 0 2 
0 . 1 0 0 0 0 E + 0 3 
0 . 1 4 0 0 0 E + 0 3 
0 . 1 8 0 0 0 E + 0 3 
0 . 2 0 0 0 0 E + 0 3 

0 . 2 0 0 0 0 E + 0 3 0 . 0 
0 . 2 0 0 0 0 E + 0 3 0 . 0 
0 . 8 0 0 0 0 E + 0 2 0 . 0 
0 . 2 0 0 0 0 E + 0 3 0 . 0 

0 
0 
3 
0 

0 1 
0 0 

10 0 
0 0 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

1 

0 

0 
0 
0 
0 

0 , 

0 . 
0. 
0 , 
0, 

. 0 

,0 
. 0 
.0 
. 0 

1 

0 
0 
0 
0 

0 . 
0 . 
0 . 
0 . 
0 . 
0 . 

, 0 
, 0 
0 

. 0 
0 

, 0 

0 

0 
0 
0 
0 

0 

0 
0 
0 
0 

OS 



SYN3D, OVERLAY INTEG 3 GBOUP, 3-DIMENSIONAL MODEL, FLUX WEIGHTED SYNTHESIS 
BLANKET FUNCTIONS (3 AND 4) NOT USED EVEBYWHEEE 
3D GEOMETEY BUILT UP FROM 2D GEODST FILES 

1/20/, 05.12., PAGE 

GENERAL PROBLEM DATA 
NUMBER OF GEOUPS = 3 (NGBOUP) 
BPOIHTEE CONTAINEE SIZE = 10000 
NUMBEE OF AXIAL MESH INTEEVALS = 20 
THEEE IS NO GROUP COLLAPSING 
THERE IS NO 10 BUFFERING 
THERE IS NO INPUT FUNCTION SCALING 
THERE WERE NO INPUT INTEGRALS 

BOUNDARY CONDITIONS 
LOWER X BOUNDARY CONDITION 
UPPER X BOUNDARY CONDITION 
LOWER Y BOUNDARY CONDITION 
UPPER Y BOUNDARY CONDITION 
LOWER Z BOUNDARY CONDITION 
UPPER Z BOUNDARY CONDITION 

ZERO CUS RENT 
ZERO FLOX 
ZERO CURRENT 
ZERO FLOX 
ZERO FLUX 
ZERO FLUX 

ON 



SYN3D, OVERLAY INTEG 3 GROUP, 3-DIMENSIONAL MODEL, FLUX WEIGHTED SYNTHESIS 
BLANKET FUNCTIONS (3 AND 4) NOT USED EVERYWHERE 
3D GEOMETRY BUILT UP FROM 2D GEODST FILES 

1 /20 / , 05 .12 . PAGE 

FUNCTION FILE 
NUMBER 

1 
2 
3 
4 

NUMBER 
22 
2 3 
24 
2 5 

AXIAL POSITION 
(CM) 

0 . 0 TO 
2 0 . 0 TO 
6 0 . 0 TO 
8 0 . 0 TO 

1 0 0 . 0 TO 
1 2 0 . 0 TO 
14 0 . 0 TO 
1 8 0 . 0 TO 

RTFLUX, 
RTFLUX, 
RTFLUX, 
RTFLUX, 

PLANAE 

FILE NAME 
UNEOO, 

EOD, 
UNEOO, 

ROD, 

CORE, 
CORE, 

BL ANKT, 
BLANKT, 

GEOMETRY 
GEOMETRY NUMBER FILE NUMBER 

2 0 . 0 
6 0 . 0 
8 0 . 0 

1 0 0 . 0 
1 2 0 . 0 
1 4 0 . 0 
1 8 0 . 0 
2 0 0 . 0 

1 
2 
3 
3 
4 
4 
5 
6 

1 1 
12 
13 
1 3 
14 

1 4 
1 5 
16 

GROUPS USED 
1 
2 
3 
4 

ALL 3 
ALL 3 
ALL 3 
ALL 3 

GEOMETRY FILE 
GEODST, 
GEODST, 
GEODST, 
GEODST, 
GEODST, 
GEODST, 
GEODST, 
GEODST, 

EEFL, 
BLAN, 
COEE, 
COEE, 
COEE, 
COEE, 
BLAN, 
EEFL, 

NAME 
UNROO, 
UNROO, 
UNROD, 
UNROD, 

ROD, 
ROD, 
ROD, 
ROD, 

1 
2 
3 
3 
4 
4 
5 
6 

EXPANSION 
FUNCTION 

1 2 
1 2 
1 2 
1 2 
1 2 
1 2 
1 2 
1 2 

NUMBERS 
3 
3 
3 

4 
4 
4 

WEIGHTING 
FUNCTION 

1 2 
1 2 
1 2 
1 2 
1 2 
1 2 
1 2 
1 2 

NUMBERS 
3 
3 
3 

4 
4 
4 

AXIAL MESH INTERVALS 
1 .0000+01 1 .000D+01 1 . 0 0 0 0 + 0 1 1 . 0 0 0 0 + 0 1 1 .000D+01 1 . 0 0 0 0 + 0 1 1 . 0 0 0 0 + 0 1 1 .000D+01 1 .000D+01 1 . 0 0 0 0 + 0 1 1 . 0 0 0 0 + 0 1 1 .000D+01 
1 . 0 0 0 0 + 0 1 1 . 0 0 0 0 + 0 1 1 .000D+01 1 . 0 0 0 0 + 0 1 1 .0000+01 1 .0000+01 1 . 0 0 0 0 + 0 1 1 . 0 0 0 0 + 0 1 

DATA MANAGEMENT PARAMETERS FOR INTEGRAL CALCULATION 
SPACE AVAILABLE DURING FLUX AND CROSS SECTION REWRITE = 1 6 1 3 2 
REQFLX F I L E , WORDS/RECORD = 2 7 9 9 

ROWS OF FLUXES/RECORD = 11 
REQXST F I L E , WOROS/EECOED = 1 0 5 

COMPOSITIONS/HECOED FOE FISSION-REMOVAL EECORDS = 7 
SPACE AVAILABLE DURING INTEGRATION = 2 7 8 4 
VOLINT AND OIFINT F I L E S , WORDS/RECORD = 2 0 0 0 

NUMBER OF CONCURRENT KECORDS DURING REWRITE = 5 
COLUMNS OF FLUXES/RECORD = 14 
NUMBER OF CONCURRENT RECORDS DURING REWRITE = 1 5 0 
GROUPS/RECORD FOR DIFFUSION COEFFICIENT RECORDS = 

NUMBER OF CONCURRENT RECORDS DURING INTEGRATION = 

0^ 
Ul 



SYN30 OVERLAY SOLVE 3 GROUP, 3-DIMENSIONAL MODEL, FLUX WEIGHTED SYNTHESIS V 2 0 / , 0 5 . 1 2 . , 
S Y N 3 0 , OVERLAY bOLVE BLANKET FUNCTIONS (3 AND 4) NOT USED EVERYWHERE 

3D GEOMETRY BUILT UP FROM 20 GEODST FILES 

INTTOC FTLE LABEL = 1 / 2 0 / 0 5 1 3 . 0 , VERSION NUMBFR = 2 

''''..l'.irAll] lZlyllll.T= 2̂6̂ 5̂ " NUMBER OF CONCURRENT RECORDS DURING GAUSS ELIMINATION = 1 

NUMBER OF RECORDS = 1 
H F I L E , WORDS/RECORD = 1 3 5 0 NUMBER OF RECORDS = 1 

DIRECT EIGENVALUE CALCULATION , .„„„ .^rrnuo - on rnHVFRrPNCE CRITERION = 0 . 1 0 0 0 0 E - 0 4 
EIGENVALUE ESTIMATE = 0 . 1 0 0 0 0 E + 0 1, MAXIMUM NUMBER OF ITERATIONS = 2 0 , CONVERGENCE CiUlt*<J.UH 
ITERATION EIGENVALUE 

1 0 . 9 6 7 0 0 E + 0 0 
2 0 . 9 7 4 9 5 E + 0 0 
3 0 . 9 7 5 0 5 E + 0 0 
4 0 . 9 7 5 0 6 E + 0 0 
5 0 . 9 7 5 0 6 E + 0 0 

THE CALCULATION HAS CONVERGED ON AN EIGENVALUE 

NORMALIZATION, FLUX * SIGMA-F * POWER/FISSION = 0 . 1 0 0 0 0 E + 0 2 WATTS. 

ON 
ON 



SYN3D, OVERLAY SOLVE 3 GROUP, 3-DIMENSIONAL MODEL, FLOX WEIGHTED SYNTHESIS 
BLANKET FUNCTIONS ( 3 AND 4) NOT USED EVERYWHERE 
30 GEOMETRY BUILT UP FROM 2 0 GEODST F I L E S 

1/20/, 05.12. PAGE 

COMBINING COEFFICIENTS FOR DIRECT CALCULATION 

FUNCTION NO. 

AXIAL 
POSITION 

5 . 0 0 
1 5 . 0 0 
2 5 . 0 0 
3 5 . 0 0 
4 5 . 0 0 
5 5 . 0 0 
6 5 . 0 0 
7 5 . 0 0 
8 5 . 0 0 
9 5 . 0 0 

1 0 5 . 0 0 
1 1 5 . 0 0 
1 2 5 . 0 0 
1 3 5 . 0 0 
1 4 5 . 0 0 
1 5 5 . 0 0 
1 6 5 . 0 0 
1 7 5 . 0 0 
1 8 5 . 0 0 
1 9 5 . 0 0 

, = 
GROUP = 

AXIAL 
GEOM. 

1 
1 
2 
2 
2 
2 
3 
3 
3 
3 
4 
4 
4 
4 
5 
5 
5 
5 
6 
6 

- 4 . 
- 1 . 
- 1 . 
- 1 . 

2 , 
1 . 
6 . 
9. 
9 . 
9 , 
2 , 
6 . 
1 . 

- 7 , 
- 2 . 
- 4 . 
- 3 . 
- 4 , 
- 9 , 
- 3 . 

1 
1 

, 0 1 1 E - 0 2 
, 1 4 0 E - 0 1 
. 3 3 6 E - 0 1 
, 0 8 4 E - 0 1 
. 1 5 0 E - 0 1 
, 7 5 5 E + 0 0 
7 5 6 E + 0 0 

. 0 1 4 E + 0 0 

. 9 0 9 E + 0 0 

. 2 8 6 E + 0 0 
, 6 7 0 E + 0 0 
. 2 7 0 E - 0 1 
. 0 2 9 E - 0 1 
. 9 2 4 E - 0 2 
, 6 1 7 E - 0 2 
, 3 3 9 E - 0 3 
. 6 0 9 E - 0 3 
. 9 9 9 E - 0 3 
. 9 3 0 E - 0 3 
. 6 2 8 E - 0 3 

- 6 . 
- 2 . 
- 1 , 

2 . 
1 , 
3 , 
7 . 
9 , 
1 , 
9 , 
3 , 
9 . 
1. 

- 2 . 
- 6 , 
- 3 . 
- 1 . 
- 4 , 
- 6 . 
- 2 . 

1 
2 

, 7 9 0 E - 0 2 
. 0 1 5 E - 0 1 
. 3 7 3 E - 0 1 
, 1 8 7 E - 0 1 
. 1 8 7 E + 0 0 
. 5 3 1 E + 0 0 
, 5 2 7 E + 0 0 
. 4 3 0 E + 0 0 
. 0 0 1 E + 0 1 
. 171E + 00 
. 2 2 4 E + 0 0 
. 2 2 4 E - 0 1 
. 5 6 6 E - 0 1 
. 8 3 6 E - 0 1 
. 2 6 4 E - 0 1 
. 2 0 8 E - 0 1 
, 1 7 8 E - 0 1 
. 6 6 5 E - 0 2 
. 4 2 3 E - 0 2 
, 1 5 5 E - 0 2 

1 
3 

- 3 . 8 5 8 E - 0 1 
- 1 . 1 0 1 E + 0 0 
- 4 . 2 3 4 E - 0 1 
- 7 . 8 3 9 E - 0 1 
- 1 . 8 3 5 E + 0 0 
- 1 . 8 2 8 E + 0 0 

8 . 2 3 7 E + 0 0 
1 . 0 0 8 E + 0 1 
1 . 0 6 1 E + 0 1 
9 . 9 7 1 E + 0 0 
9 . 0 3 9 E - 0 1 
1 . 2 6 3 E - 0 1 

- 1 . 3 3 1 E - 0 2 
- 6 . 1 2 9 E - 0 2 

2 . 8 3 1 E - 0 1 
1 . 4 2 9 E - 0 1 
2 . 9 6 1 E - 0 2 

- 2 . 0 2 3 E - 0 2 
- 8 . 0 3 4 E - 0 2 
- 2 . 9 2 3 E - 0 2 

2 
1 

1 . 9 3 9 E - 0 2 
4 . 9 6 3 E - 0 2 
2 . 1 3 8 E - 0 2 
2 . 0 7 4 E - 0 2 
4 . 9 9 4 E - 0 2 
9 . 5 2 1 E - 0 2 
1 . 6 7 8 E - 0 1 
4 . 8 7 4 E - 0 1 
1 . 1 5 9 E + 0 0 
2 . 6 7 7 E + 0 0 
1 . 0 4 7 E + 0 1 
1 . 1 7 4 E + 0 1 
1 . 0 4 0 E + 0 1 
7 . 6 0 9 E + 0 0 
2 . 0 1 8 E + 0 0 
2 . 6 7 1 E - 0 1 

- 1 . 0 2 6 E - 0 1 
- 1 . 2 2 0 E - 0 1 
- 6 . 9 2 7 E - 0 2 
- 2 . 2 3 9 E - 0 2 

4 , 
1. 
8. 
1. 
3 . 
5 . 

- 2 , 
1 . 
1. 
2 , 
9 . 
1. 
1. 
8 . 
4 , 
1. 
3 . 

- 9 , 
- 7 . 
- 3 , 

2 
2 

. 1 6 0 E - 0 2 

. 4 1 3 E - 0 1 

. 6 1 8 E - 0 2 

. 1 7 8 E - 0 1 
, 2 9 4 E - 0 1 
. 2 6 0 E - 0 1 
, 0 7 8 E - 0 1 
. 2 7 5 E - 0 1 
. 0 1 3 E + 0 0 
. 6 8 7 E + 0 0 
, 5 9 7 E + 0 0 
, 1 2 4 E + 0 1 
, 0 1 7 E + 0 1 
1 4 9 E + 0 0 

. 8 4 9 E + 0 0 
,7 57E+0 0 
. 4 5 3 E - 0 1 
. 0 6 4 E - 0 2 
6 3 8 E - 0 2 

. 3 9 9 E - 0 2 

3 . 
9 , 
3 . 
8 . 
2 . 
3 . 

- 8 , 
- 5 , 

3 . 
1 . 
1 . 
1 . 
1 , 
7 . 

- 5 , 
- 9 . 
- 4 . 
- 1 , 
- 3 . 
- 1 , 

2 
3 

, 2 8 8 E - 0 1 
, 7 0 5 E - 0 1 
. 9 0 4 E - 0 1 
. 6 3 8 E - 0 1 
, 3 0 3 E + 0 0 
, 5 9 1 E + 0 0 
. 9 5 1 E - 0 1 
. 6 7 5 E - 0 1 
, 4 1 8 E - 0 1 
. 6 3 9 E + 0 0 
, 2 4 4 E + 0 1 
, 2 2 6 E + 0 1 
. 0 6 6 E + 0 1 
, 8 8 5 E + 0 0 
. 0 9 6 E - 0 1 
. 7 3 9 E - 0 1 
, 4 9 0 E - 0 1 
. 9 7 9 E - 0 1 
, 4 0 6 E - 0 1 
. 2 4 2 E - 0 1 

3 
1 

4 . 5 6 9E-
1 . 4 8 5E-
2 . 8 J 1 E -
4 . 9 2 9E-
7 . 6 2 5 E -
8 . 6 4 1 E -
5 . 2 9 2 E -

- 2 . 7 2 3 E -
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

- 0 4 
- 0 3 
- 0 3 
-OJ 
- 0 3 
- 0 3 
- 0 4 
- 0 4 

3 
2 

5 . 7 3 3 E -
1 . 7 6 0 E -
2 . 9 2 3 E -
3 . 9 9 2 E -
4 . 5 4 9 E -
3 . 5 1 6 E -
8 . 0 5 0 E -
7 . 9 3 7 E -
0 . 0 

o:o 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

-04 
- 0 3 
• 0 3 
-03 
-03 
•03 
-04 
- 0 5 

3 
3 

8 . 6 7 2 E -
2 . 5 2 3 E -
3 . 2 5 0 E -
4 . 6 6 3 E -
6 . 4 6 2 E -
7 . 2 1 4 E -
1 . 0 8 3 E -
1 . 8 9 2 E -
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

-04 
- 0 3 
- 0 3 
- 0 3 
- 0 3 
- 0 3 
- 0 3 
- 0 4 

4 
1 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

- 4 . 7 2 8 E -
5 . 5 8 6 E -
9 . 9 1 1 E -
8 . 6 7 0 E -
5 . 4 9 1 E -
3 . 0 8 4 E -
1 . 5 9 4 E -
4 . 8 6 1 E -

- 0 4 
-04 
- 0 3 
- 0 3 
- 0 3 
- 0 3 
- 0 3 
-04 

1—' 
ON 

-^ 
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1/20/, 05.12., PAGE 

COMBINING COEFFICIENTS FOR DIRECT CALCULATION 

FUNCTION NO. 
GROUP 

AXIAI AXIAL 
POSITION GEOM. 

5.00 
15.00 
25.00 
35.00 
45.00 
55.00 
65.00 
75.00 
85.00 
95.00 

105.00 
115.00 
125.00 
135.00 
145.00 
155.00 
165.00 
175.00 
185.00 
195.00 

0.0 
0.0 
0.0 
,0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
.0 
128E-04 

1. 122E-03 
4.308E-03 
5.536E-03 
4.736E-03 
3.376E-03 
2.035E-03 
6.639E-04 

0.0 
0.0 
0.0 

1.459E-04 
1.496E-03 
1.017E-02 
8.542F-03 
5.697E-03 
3.735E-03 
2.896E-03 
9.832E-04 

ON 
00 

TIME SPENT IN OVERLAY SOLVE , CP = 1.2, PP = 
SOBBOOTIHE REDTOC, CP = 0.0, PP = 0.0 
SUBROUTINE WINTGL, CP = 0.1, PP = 0.0 
SOBBOOTIHE CALPOW, CP = 0.0, PP = 0.0 
SOBBOUTIHE SPBOE , CP = 0.8, PP = 0.0 
SOBBOOTIHE OUTPEO, CP = 0.1, PP = 0.0 

0.0 
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1 / 2 0 / , 0 5 . 1 2 . , PAGE 11 

LANAE 

POW 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

ROW 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

FLUX O I S T E I B U T I O N , 

COLUMN 
1 

1 . 9 0 4 6 0 + 0 8 
2 . 0 8 9 7 0 + 0 8 
2 . 1 2 3 3 0 + 0 8 
2 . 0 5 6 5 D + 0 8 
1 . 9 2 3 4 0 + 0 8 
1 .7381D+08 
1 . 5 0 2 6 0 + 0 8 
9 .8743D+07 
4 . 8 3 0 2 0 + 0 7 
1 . 8 8 0 0 0 + 0 7 
8 . 4 0 8 7 0 + 0 6 
2 . 4 7 6 4 0 + 0 6 

COLUMN 
10 

1 . 8 8 0 0 0 + 0 7 
1 . 8 7 9 8 0 + 0 7 
1 .8650D+07 
1 . 7 7 7 7 0 + 0 7 
1 . 6 1 0 3 0 + 0 7 
1 . 3 7 2 3 0 + 0 7 
1 .0773D+07 
7 . 5 5 2 9 0 + 0 6 
4 . 2 6 7 3 0 + 0 6 
2 . 1 5 4 0 0 + 0 6 
1 . 17820+06 
3 . 7 6 7 0 0 + 0 5 

COLUMN 
2 

2 . 0 8 9 7 0 + 0 8 
2 . 1 2 7 7 0 + 0 8 
2 . 1206D + 08 
2 . 0 4 4 80+08 
1 .91120+08 
1 .7346D+08 
1 .54190+08 
1 . 12140+08 
4 . 8459D+07 
1 .87980+07 
8. 38310+06 
2 . 4 6 5 6 0 + 0 6 

COLUMN 
11 

8 . 40870+06 
8 . 3 8 3 1 0 + 0 6 
8 . 2 3 3 9 0 + 0 6 
7 . 8 1 4 6 0 + 0 6 
7 . 0 7 6 0 0 + 0 6 
6 . 0 4 3 3 0 + 0 6 
4 . 7 8 4 8 0 + 0 6 
3. 42360+06 
2 . 11670+06 
1 . 1782D+06 
6 . 2 7 7 5 0 + 0 5 
1 . 9 8 0 6 0 + 0 5 

Z = 

2. 
2. 
2. 
1 . 
1 , 
1 , 
1. 
1 . 
4. 
1 . 
8, 
2. 

2 . 
2, 
2, 
2. 
2 . 
1, 
1 . 
1 , 
6. 
3, 
1, 
6, 

9 5 . 0 0 , 

COLUMN 
3 

, 1233D + 08 
,1206D+08 
08060+08 

. 99060+08 

. 85430+08 

.6881D+08 
52720+08 

.1512D+08 

. 8 7 4 7 0 + 0 7 
86500+07 

. 23390+06 
41150+06 

COLUMN 
12 

. 47640+06 
, 4 6 5 6 0 + 0 6 
. 4 1 1 5 0 + 0 6 
. 2 8 3 4 0 + 0 6 
. 06680+06 
. 7 6 7 6 0 + 0 6 
. 4 0 6 1 0 + 0 6 
. 0 1 8 1 0 + 0 6 
. 5 2 1 4 0 + 0 5 
. 7 6 7 0 0 + 0 5 
. 9 8 0 6 0 + 0 5 
. 2 0 4 3 0 + 0 4 

GEOUP = 1 

2. 
2. 
1 . 
1 . 
1. 
1, 
1, 
1 
4 
1, 
7, 
2, 

COLUMN 
4 

. 05650+08 

.0448D+08 
, 9 9 0 6 0 + 0 8 
. 89040+08 
. 7 4 7 3 0 + 0 8 
. 58140+08 
. 4 4 3 2 0 + 0 8 
. 1 0 0 7 0 + 0 8 
. 66090+07 
. 7 7 7 7 0 + 0 7 
. 81460+06 
. 2 8 3 4 0 + 0 6 

1 . 
1, 
1. 
1 . 
1. 
1. 
1 . 
9. 
4. 
1, 
7. 
2. 

COLUMN 
5 

.92340+08 

. 91120+08 

. 85430+08 

.74730+08 

. 58810+08 

. 39530+08 

. 29640+08 

.9527D+07 

.2206D+07 

. 6 1 0 3 0 + 0 7 

. 07600+06 

.0668D+06 

1, 
1, 
1. 
1, 
1, 
1. 
1, 
8, 
3, 
1 
6, 
1 . 

COLUMN 
6 

. 73810+08 

. 73460+08 

. 6 8 8 1 0 + 0 8 

. 58140+08 

. 3 9 5 3 0 + 0 8 • 

.1186D+08 

.1084D+08 

.47470+07 

.5923D+07 

.37230+07 
, 0 4 3 3 0 + 0 6 
.76760+06 

1. 
1. 
1 , 
1. 
1 . 
1 . 
9. 
6. 
2, 
1. 
4, 
1, 

COLUMN 
7 

. 5 0 2 6 0 + 0 8 

. 5 4 1 9 0 + 0 8 

.^^TzD+08 

. 4 4 3 2 0 + 0 8 

. 2 9 6 4 0 + 0 8 

. 1 0 8 4 0 + 0 8 

.2576D+07 

. 5 3 8 4 0 + 0 7 

. 7 9 8 2 0 + 0 7 

.0773D+07 

. 7 8 4 8 0 + 0 6 

. 40610+06 

9. 
1 . 
1 . 
1 . 
9 . 
8 . 
6 . 
4 . 
1 . 
7 . 
3. 
1 . 

COLUMN 
8 

, 8743D + 07 
. 1214D + 08 
, 15120+08 
. 10070+08 
. 9 5 2 7 0 + 0 7 
47470+07 

, 5 3 8 4 0 + 0 7 
, 0 4 8 3 0 + 0 7 
,9421D+07 
, 5 5 2 9 0 + 0 6 
, 4236D+06 
, 0 1 8 1 0 + 0 6 

4 . 
4, 
4 , 
4 , 
4 , 
3, 
2. 
1 . 
9, 
4. 
2 , 
6. 

COLUMN 
9 

, 8 3 0 2 0 + 0 7 
, 84590+07 
, 87470+07 
,56090+07 
, 22060+07 
, 5 9 2 3 0 + 0 7 
, 7 9 8 2 0 + 0 7 
, 94210+07 
, 5 6 1 1 0 + 0 6 
, 2 6 7 3 0 + 0 6 
, 1 1 6 7 0 + 0 6 
, 5 2 1 4 0 + 0 5 

VD 
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PLANAR POWER DENSITY (WATTS/CC) , Z 9 5 . 0 0 

ROW 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

ROW 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

COLUMN 
1 

0 . 0 
3 . 4 7 4 9 E - 0 5 
3 . 4 8 0 1 E - 0 5 
3 . 3 5 3 6 E - 0 5 
3 . 1 2 1 3 E - 0 5 
2 . 7 8 9 7 E - 0 5 
3 . 0 1 8 6 E - 0 5 
0 . 0 
2 . 4 3 0 1 E - 0 6 
9 . 4 5 8 3 E - 0 7 
0 . 0 
0 . 0 

COLUMN 
10 

9 . 4 5 8 3 E - 0 7 
9 . 4 5 7 3 E - 0 7 
9 . 3 8 2 9 E - 0 7 
8 . 9 4 3 5 E - 0 7 
8 . 1 0 1 4 E - 0 7 
6 . 9 0 4 0 E - 0 7 
5 . 4 1 9 9 E - 0 7 
3 . 7 9 9 9 E - 0 7 
2 . 1 4 6 9 E - 0 7 
1 . 0 8 3 7 E - 0 7 
0 . 0 
0 . 0 

COLUMN 
2 

3 . 4 7 4 9 E -
3 . 5 0 5 2 E -
3 . 4 6 9 8 E -
3 . 3 3 3 1 E -
3 . 1 0 0 4 E -
2 . 7 7 9 6 E -
3 . 0 6 5 2 E -
2 . 3 2 9 9 E -
2 . 4 3 8 0 E -
9 . 4 5 7 3 E -
0 . 0 
0 . 0 

•05 
-0 5 
•05 
-05 
-05 
-05 
•05 
-0 5 
-06 
-07 

COLU'IN 
11 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

COLUMN 
3 

3. 4 8 0 1 E - 0 5 
3 . 4 6 9 8 E - 0 5 
3 . 3 9 6 0 E - 0 5 
3 . 2 4 1 5 E - 0 5 
3 . 0 0 6 0 E - 0 5 
2 . 7 0 0 4 E - 0 5 
3 . 0 1 5 3 E - 0 5 
2 . 3 3 4 3 E - 0 5 
2. 4 5 2 5 E - 0 6 
9 . 3 8 2 9 E - 0 7 
0 . 0 
0 . 0 

COLUMN 
12 

0. 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

3 , 
3 , 
3 . 
3 . 
2, 
2, 
2 . 
2 . 
2 . 
8. 
0 
0, 

COLUMN 
4 

. 3 5 3 6 E - 0 5 

. 3 3 3 1 E - 0 5 
, 2 4 1 5 E - 0 5 
. 0 7 3 9 E - 0 5 
. 8 3 1 1 E - 0 5 
. 5 3 0 7 E - 0 5 
. 8 4 5 1 E - 0 5 
. 2 1 9 9 E - 0 5 
. 3 4 4 9 E - 0 6 
. 9 4 3 5 E - 0 7 
. 0 
. 0 

3 . 
3 . 
3 , 
2. 
2, 
2. 
2 . 
2, 
2. 
8. 
0, 
0. 

COLUMN 
5 

, 1 2 1 3 E - 0 5 
, 1 0 0 4 E - 0 5 
. 0 0 6 0 E - 0 5 
, 8 3 1 1 E - 0 5 
. 5 7 1 8 E - 0 5 
. 2 4 8 2 E - 0 5 
, 5 6 4 1 E - 0 5 
. 0 0 9 7 E - 0 5 
, 1 2 3 4 E - 0 6 
, 1 0 1 4 E - 0 7 
. 0 
,0 

2 , 
2 . 
2, 
2, 
2, 
0, 
2, 
1, 
1. 
6 
0. 
0. 

COLUMN 
6 

, 7 8 9 7 E - 0 5 
, 7 7 9 6 E - 0 5 
. 7 0 0 4 E - 0 5 
, 5 3 0 7 E - 0 5 
, 2 4 B 2 E - 0 5 
. 0 
. 2 2 0 4 E - 0 5 
. 7 2 4 8 E - 0 5 
. 8 0 7 3 E - 0 6 
. 9 0 4 0 E - 0 7 
. 0 
. 0 

COLUMN 
7 

3 . 0 1 8 6 E - 0 5 
3 . 0 6 5 2 E - 0 5 
J . 0 1 5 3 E - 0 5 
2 . 8 4 5 1 E - 0 5 
2 . 5 6 4 1 E - 0 5 
2 . 2 2 0 4 E - 0 5 
1. 8 4 1 2 E - 0 5 
1 . 3 6 4 4 E - 0 5 
1 . 4 0 7 8 E - 0 6 
5 . 4 1 9 9 E - 0 7 
O.U 
0 . 0 

0 . 
2 . 
2 . 
2 . 
2 , 
1. 
1 . 
0 . 
9 . 
3 . 
0 . 
0 , 

COLUMN 
8 

0 
, 3 2 9 9 E - 0 5 
3 3 4 3 E - 0 5 

, 2 1 9 9 E - 0 5 
, 0 0 9 7 E - 0 5 
, 7 2 4 8 E - 0 5 
, 3 6 4 4 E - 0 5 
, 0 
, 7 7 0 7 E - 0 7 
. 7 9 9 9 E - 0 7 
. 0 
. 0 

2 . 
2 . 
2 . 
2 . 
2 . 
1. 
1. 
9, 
4 . 
2. 
0, 
0. 

COLUMN 

9 

4 3 0 1 E - 0 6 

. 4 3 8 0 E - 0 6 
, 4 5 2 5 E - 0 6 
, 3 4 4 9 E - 0 6 
. 1 2 3 4 E - 0 6 
, 8 0 7 3 E - 0 6 
, 4 0 7 8 E - 0 6 
. 7 7 0 7 E - 0 7 
. 8 1 0 2 E - 0 7 
. 1 4 6 9 E - 0 7 
, 0 
. 0 

o 



SYN3D, OVERLAY EDITS 3 GROUP, 3-DIMENSIONAL MODEL, FLUX I'lEIGHTED SYNTHESIS 
BLANKET FUNCTIONS (3 AND 4) NOT USED EVERYWHERE 
3D GEOMETRY BUILT UP FROM 20 GEODST FILES 

1 /20 / , 05 .12 . 15 

ZONE AVERAGE FLUX 

NE 

1 
2 
3 
4 
5 
6 
7 

1. 
9, 
1. 
1. 
1, 
2. 
3. 

GROUP 
1 

,5182E+08 
,3248E+07 
,4133E+07 
,9114E+07 
,3812E+06 
,4808E+07 
,9452E+07 

1. 
1. 
3. 
4. 
5, 
3. 
5. 

GROUP 
2 

. 8024E+08 
,0 26 IE+0 8 
,4796E+07 
,0616E+07 
,3950E+06 
,7031E+07 
,9773E+07 

5. 
3. 
2. 
2. 
5. 
5. 
2. 

GROUP 
3 

7973E+06 
,0418E+06 
,3965E+06 
2294E+06 
.8987E+05 
,7260E+05 
9702E+06 



STH3D, OVERLAY EDITS 

COHTBIBOTIORS TO 
AXIAL BEAL PLOX 
FBOB EACH FORCTIOH 

GBODP 2 

HAX = 1.175E+12 
HIH =-6.523E+10 

0.0 

3 GBOUP, 3-DIHENSIONAL MODEL, FLUX WEIGHTED SYHTHESIS 
BLANKET FDHCTIONS (3 AND 4) NOT USED EVERYWHEBE 
3D GEOMETEY BUILT UP FBOM 20 GEODST FILES 

0 

1/20/, 05.12., PAGE 18 

0 0 0 

NJ 

2 0 

3 3 
0 

0 3 
3 

3 1 
3 

H 0 
a 0 

It 4 

4 
0 4 

2 2 2 
1 1 1 

2 2 
1 

1 
2 2 

2 2 2 2 2 3 3 

2 2 

1 4 4 
4 

1 1 1 1 2 2 2 2 2 

X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X X 1 1 x x x x x x x x x x 
AXIAL POSITION 

HIH 'S.OOOR+OO 
HAX -1.950E+02 

0 • SDH 
1,2...ETC INDIVIDDAL MODES 



APPENDIX H. Sample Problem Output. Problem 4 - Partial Output 

S Y N 3 0 , OVERLAY CARDS 3 GROUP, 3-DIMENSIONAL MODEL, MIXED FLUX AND ADJOINT VEIGHIING 
BLANKET FUNCTIONS (3 AND 4) NOT USED EVERYWHERE 
GROUP 3 OF BLANKET FUNCTIONS NOT USED AT ALL 
INPUT 3 0 GEODST F I L E 

1 / 2 0 / , 0 5 . 2 1 . , PAGE 

L I S T I N G OF SYN30 INPUT 

CAROS-EER-CARD-TYPE DATA 
4 1 1 0 0 2 4 4 0 1 1 1 1 

CARD 
TYPE 

1 
1 
1 
1 
2 
3 
6 
6 
7 
7 
7 
7 
8 
8 
8 
8 

13 
13 
16 
17 
18 
19 
20 
21 

3 GROUP, 3 
BLANK 
GROUP 
INPUT 

15 
0 . 1 

ZL 
ZU 

RTFLUX 
RTFLUX 
RTFLUX 
RTFLUX 
ATFLUX 
ATFLUX 
RTFLUX 
ETFLUX 
RTFLUX 
ETFLUX 

0 
1 
1 
1 
1 
3 

-DIMENSIONAL MODEL, MIXED FLUX AND ADJCINT WEIGHTING 
ET FONCTIONS (3 AND 4) NOT USED EVERYWHERE 

3 OF BLANKET FUNCTIONS NOT USED AT ALL 
30 GEODST F I L E 
2 2 0 0 0 0 0 3 3 0 

OOOOE+01 0 . 0 0 . 1 0 0 0 0 E + 0 2 

0 . 0 
0 . 0 
0 . 0 
0 . 1 0 0 0 0 E + 0 3 
0 . 0 
0 . 0 
0 . 0 
0 . 1 0 0 0 0 E + 03 

2 1 3 0 0 E + 0 1 0 
2 1 3 0 0 E + 0 1 0 

0 . 2 0 0 0 0 E + 0 3 
0 . 2 0 0 0 0 E + 0 3 
0 . 1 0 0 0 0 E + 0 3 
0 . 2 0 0 0 0 E + 0 3 
0 . 2 0 0 0 0 E + 0 3 
0 . 2 0 0 0 0 E + 0 3 
0 . 1 0 0 0 0 E + 0 3 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

0 . 2 0 0 0 0 E + 0 3 
3 
3 
1 
0 
0 
8 
8 

12 

0 
0 
1 
0 
0 
1 
1 

15 

0 
0 
0 
0 
0 

11 
11 
18 

0 . 0 

CO 

THE DATA FOR THE TYPE 4 AND 5 CARDS I S BEING EXTRACTED FROM THE F I L E GEODST, 3 D , 3 G P , MODEL, 1 
20 0 . 2 0 0 0 0 E + 0 3 0 0 . 0 0 0 . 0 

0 . 0 
0 . 2 0 0 0 0 E + 0 2 
0 . 6 0 0 0 0 E + 0 2 
0 . 1 0 0 0 0 E + 0 3 
0 . 1 4 0 0 0 E + 0 3 
0. 18000E+03 

20000E+02 
60000E+02 
10000E+03 
14000E+03 
18000E+03 
20000E+03 



SYN30 , OVERLAY INTEG 3 GROUP, 3-DIMENSIONAL MODEL, MIXED FLUX AND ADJOINT WEIGHTING 
BLANKET FUNCTIONS ( 3 AND 4) NOT USED EVERYWHERE 
GBOUP 3 OF BLANKET FUNCTIONS NOT USED AT ALL 
INPUT 30 GEODST FILE 

1 / 2 0 / , 0 5 . 2 1 . , PAGE 

GENEBAL PROBLEM DATA 
NOMBEB OF GROUPS = 3 (NGROUP) 
BPOINTER CONTAINER SIZE = 1 5 0 0 0 
NUMBER OF AXIAL MESH INTERVALS = 20 
THERE I S NO GROUP COLLAPSING 
THERE I S NO 1 0 BUFFERING 
THERE I S NO INPUT FUNCTION SCALING 
THERE WERE NO INPUT INTEGEALS 

BOUNDARY CONDITIONS 
LOBEE X BOUNDARY CONDITION = ZERO CURRENT 
UPPER X BOUNDARY CONDITION = ZERO FLUX 
LOWER Y BOUNDARY CONDITION = ZERC CURRENT 
UPPER Y BOUNDARY CONDITION = ZERO FLUX 
LOWER Z BOUNDARY CONDITION = LOGARITHMIC 

C (1) , BY GROUP 
2 . 1 3 0 E + 0 0 2 . 1 3 0 E + 0 0 2 . 1 3 0 E + 0 0 

C ( 2 ) , BY GROUP 
1 . 0 0 0 E + 0 0 1 . 0 0 0 E + 0 0 1 . 0 0 0 E + 0 0 

UPPER Z BOUNDARY CONDITION = LOGARITHMIC 
C ( 1 ) , BY GROUP 

2 . 1 3 0 E + 0 0 2 . 1 3 0 E + 0 0 2 . 1 3 0 E + 0 0 
C (2) , BY GROUP 

1 . 0 0 0 E + 0 0 1 . 0 0 0 E + 0 0 1 . 0 0 0 E + 0 0 

-.J 
4^ 



SYN3D, OVERLAY INTEG 3 GROUP, 3-DIMENSIONAL MODEL, MIXED FLUX AND ADJOINT WEIGHTING 
BLANKET FUNCTIONS (3 AND 4) NOT USED EVERYWHERE 
GROUP 3 OF BLANKET FUNCTIONS NOT USED AT ALL 
INPUT 3D GEODST FILE 

1 / 2 0 / , 0 5 . 2 1 . , PAGE 

FUNCTION FILE 
NUMBEE NUMBER FILE NAHE 

1 22 RTFLUX, UNROO, CORE, 1 
2 2 3 RTFLUX, EOD, CORE, 2 
3 24 RTFLUX, UNROD, BLANKT, 3 
4 25 RTFLUX, ROD, BLANKT, 4 
5 32 ATFLUX, UNROO, CORE, 1 
6 33 ATFLUX, ROD, CORE, 2 

GROUPS USED 
ALL 3 
ALL 

1 
1 

ALL 
ALL 

AXIAL POSITION 
(CM) 

PIANAR GEOMETEY 
GEOMETRY NUMBEE FILE NUMBER 

0 . 0 
2 0 . 0 
6 0 . 0 

1 0 0 . 0 
1 4 0 . 0 
1 8 0 . 0 

TO 
TO 
TO 
TO 
TO 
TO 

20 
60 

100 
140 
180 
200 . 

0 
0 
0 
0 
0 
0 

12 
1 3 
14 
1 5 
16 
17 

GEOMETRY FILE NAME 
GEODST, 1/20/, 0521.2, 2 
GEODST, 1/20/, 0521.2, 3 
GEODST, 1/20/, 0521.2, 4 
GEODST, 1/20/, 0521.2, 5 
GEODST, 1/20/, 0521.2, 6 
GEODST, 1/20/, 0521.2, 7 

EXPANSION 
FUNCTION NUMBERS 

WEIGHTING 
FUNCTION NUMBERS 

3 5 6 
3 5 6 
3 5 6 
5 6 4 
5 6 4 
5 6 4 

AXIAL MESH INTERVALS 
1 .000D+01 1 . 0 0 0 0 + 0 1 1 .000D+01 1 . 0 0 0 0 + 0 1 1 .0000+01 1.000D+01 1 . 0 0 0 0 + 0 1 1 .000D+01 1 .000D+01 1 . 0 0 0 0 + 0 1 1 . 0 0 0 0 + 0 1 1 . 0 0 0 0 + 0 1 
1 .000D+01 1 .000D+01 1 . 0 0 0 0 + 0 1 1 . 0 0 0 0 + 0 1 1 .000D+01 1 .0000+01 1 . 0 0 0 0 + 0 1 1 .000D+01 

DATA MANAGEMENT PARAMETERS FOR INTEGRAL CALCULATION 
SPACE AVAILABLE DURING FLDX AND CROSS SECTION REWRITE = 2 6 0 7 0 
REQFLX F I L E , WORDS/RECORD = 4 7 3 4 

ROWS OF FLUXES/RECORD = 14 
NUMBER OF CONCURRENT RECORDS DURING REWRITE = 
COLUMNS OF FLUXES/EECOfiD = 14 

Ul 

I N I T I A L ESTIMATES OF STORAGE EEQUIEEMENFS FOE FLUX, GEOMETEY ANO/OE CEOSS SECTION EEWEITE WAS WRONG. 
THE REWRITE AGAIN WITH BETTER ESTIMATES. 

SYN3D WILL START 

DATA MANAGEMENT PARAMETERS FOR INTEGRAL CALCULATION 
SPACE AVAILABLE DURING FLUX AND CROSS SECTION REWRITE 
REQFLX F I L E , WOROS/EECOED = 473 4 

ROWS OF FLUXES/EECORD = 14 
REQXST F I L E , WOHDS/BECOBD = 1 0 5 

COMPOSITIONS/RECOED FOE FISSlON-EEMOVAL EECOEDS = 
SPACE AVAILABLE DURING INTEGRATION = 5 5 6 1 
VOLINT AND DIFINT F I L E S , WOEOS/EECOBD = 2 0 0 0 

25846 
NUMBEE OF CONCUEEENT EECOEDS DURING REWRITE = 5 
COLUMNS OF FLUXES/RECORD = 14 
NUMBER OF CONCURRENT RECORDS DURING REWRITE =240 
GROUPS/RECORD FOE DIFFUSION COEFFICIENT EECOEDS = 

NUMBEE OF CONCOEBENI EECORDS DURING INTEGRATION = 



SYN30 OVERLAY SOLVE 3 GROUP, 3-DIMENSIONAL MODEL, MIXED FLUX AND ADJOINT WEIGHTING 1 / 2 0 / , 0 5 . 2 1 . , PAGE 
' BLANKET FUNCTIONS (3 AND 4) NOT USED EVERYWHERE 

GROUP 3 OF BLANKET FUNCTIONS NOT USED AT ALL 
INPUT 3D GEODST FILE 

INTTOC FILE LABEL = 1 / 2 0 / 0 5 2 1 . 7 , VERSION NUMBER = 2 

DATA MANAGEMENT PARAMETERS FOR SOLUTION „ „ „ T „ ^ f . n c c i?i TUTHjTTnH - 1 
INTGLS F I L E , WORDS/RECORD = 2 2 1 4 NUMBER OF CONCURRENT RECORDS DURING GAUSS ELIMINATION - 1 

NUMBER OF RECORDS = 1 
H F I L E , WORDS/RECORD = 1216 NUMBER OF RECORDS = 1 

° " E I G E H V A L S E " S ? I H A T E ° = T I O O O O E + 0 1 , MAXIMUM NUMBER OF ITERATIONS = 2 0 , CONVERGENCE CRITERION = 0 . 1 0 0 0 0 E - 0 4 

ITEEATION EIGENVALUE 
1 0.97289E+00 
2 0.97518E+00 
3 0.97520E+00 
4 0 . 9 7 5 2 0 E + 0 0 
5 0 . 9 7 5 2 0 E + 0 0 

THE CALCULATION HAS CONVERGED ON AN EIGENVALOE 

NORMALIZATION, FLUX * SIGMA-F • POWER/FISSION = 0 . 1 0 0 0 0 E + 0 2 WATTS. 

ON 



SYN3D, OVERLAY SOLVE GROUP, 3-DIMENSIONAL MODEL, MIXED FLOX AND ADJOINT WEIGHTING 
BLANKET FUNCTIONS ( 3 AND 4) NOT USED EVERYWHERE 
GROUP 3 OF BLANKET FUNCTIONS NOT USED AT ALL 
INPUT 3D GEODST FILE 

1 /20 / , 0 5 . 2 1 . PAGE 

COMBINING COEFFICIENTS FOR DIRECT CALCULATION 

FUNCTION NO. 

AXIAL 
POSITION 

5 . 0 0 
1 5 . 0 0 
2 5 . 0 0 
3 5 . 0 0 
4 5 . 0 0 
5 5 . 0 0 
6 5 . 0 0 
7 5 . 0 0 
8 5 . 0 0 
9 5 . 0 0 

1 0 5 . 0 0 
1 1 5 . 0 0 
1 2 5 . 0 0 
1 3 5 . 0 0 
1 4 5 . 0 0 
1 5 5 . 0 0 
1 6 5 . 0 0 
1 7 5 . 0 0 
1 8 5 . 0 0 
1 9 5 . 0 0 

1 
GROUP = 1 

AXIAL 
GEOM. 

1 
1 
2 
2 
2 
2 
3 
3 
3 
3 
4 
4 
4 
4 
5 
5 
5 
5 
6 
6 

- 2 . 2 0 5 E - 0 3 
- 3 . 5 7 3 E - 0 2 
- 8 . 7 6 4 E - 0 2 
- 1 . 4 8 9 E - 0 1 
- 6 . 1 1 6 E - 0 2 

1 . 0 9 7 E + 0 0 
6 . 7 0 7 E + 0 0 
8 . 8 5 1 E + 0 0 
9 . 3 0 4 E + 0 0 
7 . 6 3 2 E + 0 0 
2 . 7 5 0 E + 0 0 
7 . 0 8 2 E - 0 1 
1 . 3 1 6 E - 0 1 

- 8 . 4 7 4 E - 0 2 
- 5 . 7 7 3 E - 0 2 
- 1 . 4 8 6 E - 0 2 
- 4 . 5 9 5 E - 0 3 
- 3 . 7 1 2 E - 0 3 
- 9 . 0 7 4 E - 0 3 
- 5 . 9 5 9 E - 0 3 

1 
2 

3 . 2 1 2 E - 0 1 
- 1 . 8 5 3 E - 0 1 
- 1 . 2 6 1 E - 0 1 

3 . 6 6 9 E - 0 1 
1 . 6 7 6 E + 0 0 
4 . 7 1 5 E + 0 0 
8 . 4 9 5 E + 0 0 
9 . 8 2 4 E + 0 0 
1 . 0 2 3 E + 0 1 
9 . 6 6 6 E + 0 0 
3 . 2 8 5 E + 0 0 
9 . 5 8 8 E - 0 1 
1 . 2 8 9 E - 0 1 

- 4 . 2 2 2 E - 0 1 
- 9 . 1 6 0 E - 0 1 
- 4 . 8 2 5 E - 0 1 
- 1 . 7 5 7 E - 0 1 
- 5 . 5 9 2 E - 0 2 
- 6 . 5 8 6 E - 0 2 
- 2 . 2 9 0 E - 0 2 

1 
3 

1 . 9 4 4 E + 0 0 
3 . 2 4 2 E + 0 0 
4 . 7 3 9 E + 0 0 
6 . 3 8 3 E + 0 0 
7 . 9 9 7 E + 0 0 
9 . 1 3 4 E + 0 0 
9 . 9 6 4 E + 0 0 
1 . 0 4 5 E + 0 1 
1 . 0 7 2 E + 0 1 
1 . 0 1 4 E + 0 1 
8 . 4 6 0 E - 0 1 
1 . 0 9 4 E - 0 1 

- 3 . 6 6 1 E - 0 2 
- 2 . 6 1 5 E - 0 1 
- 1 . 1 1 7 E + 0 0 
- 1 . 0 3 8 E + 0 0 
- 7 . 6 3 5 E - 0 1 
- 5 . 4 6 7 E - 0 1 
- 5 . 0 6 1 E - 0 1 
- 2 . 0 0 5 E - 0 1 

2 
1 

- 4 . 2 6 5 E - 0 2 
- 1 . 9 6 6 E - 0 2 
- 1 . 7 8 5 E - 0 2 

4 . 7 0 7 E - 0 2 
2 . 4 8 0 E - 0 1 
5 . 6 6 7 E - 0 1 
2 . 0 4 6 E - 0 1 
6 . 1 0 9 E - 0 1 
1 . 5 9 9 E + 0 0 
3 . 8 2 8 E + 0 0 
1 . 0 0 4 E + 0 1 
1 . 1 5 6 E + 0 1 
1 . 0 2 8 E + 0 1 
7 . 5 3 8 E + 0 0 
2 . 1 0 8 E + 0 0 
3 . 1 0 4 E - 0 1 

- 1 . 0 0 2 E - 0 1 
- 1 . 3 4 7 E - 0 1 
- 8 . 5 8 1 E - 0 2 
- 3 . 7 2 4 E - 0 2 

2 
2 

- 3 . 4 5 0 E - 0 1 
6 . 3 1 3 E - 0 2 
4 . 5 4 3 E - 0 2 
2 . 2 9 8 E - 0 2 
7 . 6 9 0 E - 0 2 

- 6 . 3 1 5 E - 0 2 
- 7 . 1 6 0 E - 0 1 
- 1 . 1 1 6 E - 0 1 

8 . 1 9 9 E - 0 1 
2 . 2 6 6 E + 0 0 
9 . 0 1 5 E + 0 0 
1 . 0 8 6 E + 0 1 
1 . 0 2 6 E + 0 1 
8 . 7 6 8 E + 0 0 
6 . 1 2 5 E + 0 0 
2 . 4 1 6 E + 0 0 
5 . 6 4 4 E - 0 1 

- 7 . 3 3 3 E - 0 2 
- 1 . 0 7 1 E - 0 1 
- 6 . 6 9 7 E - 0 2 

- 7 . 
1, 

- 3 , 
3 . 
1 , 
2 , 

- 1 . 
- 6 , 

2 . 
1. 
1 . 
1 . 
1. 
9 , 
1 , 
9 . 
6 , 
4 . 
3 . 
1 . 

2 
3 

, 1 1 9 E - 0 1 
, 7 0 0 E - 0 1 
, 0 2 5 E - 0 1 
. 9 0 1 E - 0 2 
, 2 0 1 E + 0 0 
. 3 2 3 E + 0 0 
. 1 3 3 E + 0 0 
, 7 5 2 E - 0 1 
, 2 5 9 E - 0 1 
, 4 4 3 E + 0 0 
. 2 4 8 E + 0 1 

2 2 6 E + 0 1 
, 0 8 5 E + 0 1 
. 8 0 9 E + 0 0 
. 2 5 1 E + 0 1 
, 9 9 1 E + 0 0 
. 9 0 0 E + 0 0 
, 6 7 3 E + 0 0 
, 5 4 1 E + 0 0 
3 8 7 E + 0 0 

3 
1 

6 . 7 9 8 E -
1 . 4 6 2E-
2 . 8 0 6 E -
5 . 0 5 2 E -
8 . 2 3 0 E -
1 . 0 0 6E• 
6 . 3 8 7 E -
4 . 9 8 0 E • 
1 . 2 4 6E-
3 . 6 2 6 E -
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

- 0 4 
- 0 3 
- 0 3 
- 0 3 
- 0 3 
- 0 2 
- 0 4 
- 0 5 
- 0 3 
- 0 3 

3 
2 

6 . 0 2 1 E -
1 . 9 5 8 E -
3 . 0 3 0 i ^ 
3 . 9 0 4 E -
4 . 0 5 9 E -
2 . 2 4 7 E -

- 1 . 9 7 4 E -
- 2 . 7 8 4 E -
- 1 . 0 0 5 E -
- 2 . 8 2 8 E -

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

-04 
•03 
- 0 3 
•03 
-03 
-03 
-04 
-04 
-04 
•04 

4 
1 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
1 . 8 2 9 E -
3 . 8 3 0 E -

- 2 . 7 9 3 E -
9 . 6 5 0 E -
9 . 6 1 3 E -
8 . 5 0 1 E -
5 . 4 9 8 E -
3 . 1 8 1 E -
1 . 7 5 6 E -
7 . 3 0 1 E -

- 0 3 
- 0 4 
- 0 5 
- 0 4 
- 0 3 
- 0 3 
-0 3 
- 0 3 
- 0 3 
- 0 4 

4 
2 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
1 . 1 0 1 E -
7 . 3 8 0 E -
2 . 8 2 5 E -
1 . 3 7 1 E -
2 . 3 0 2 E -
4 . 5 4 2 E -
4 . 4 3 6 E -
3 . 4 1 0 E -
2 . 196E-
8 . 8 6 9 E -

•03 
-04 
-04 
- 0 4 
- 0 3 
-03 
- 0 3 
- 0 3 
-03 
- 0 4 

M 
~J 
- J 



SYN3D, OVERLAY SOLVE 3 GROUP, 3-DIMENSIONAL MODEL, MIXED FLUX AND ADJOINT WEIGHTING 
BLANKET FUNCTIONS (3 AND 4) NOT USED EVERYWHERE 
GROUP 3 OF BLANKET FUNCTIONS NOT USED AT ALL 
INPUT 3D GEODST F I L E 

1/20/, 05.21., PAGE 10 

COMBINING COEFFICIENTS FOB OTEECT CALCULATION 

FUNCTION NO. 

AXIAL 
POSITION 

5 . 0 0 
1 5 . 0 0 
2 5 . 0 0 
3 5 . 0 0 
4 5 . 0 0 
5 5 . 0 0 
6 5 . 0 0 
7 5 . 0 0 
8 5 . 0 0 
9 5 . 0 0 

1 0 5 . 0 0 
1 1 5 . 0 0 
1 2 5 . 0 0 
1 3 5 . 0 0 
1 4 5 . 0 0 
1 5 5 . 0 0 
1 6 5 . 0 0 
1 7 5 . 0 0 
1 8 5 . 0 0 
1 9 5 . 0 0 

GEOUP 

AXIAL 
GEOn. 

1 
1 
2 
2 
2 
2 
3 
3 
3 
3 
4 
4 
4 
4 
5 
5 
5 
5 
6 
6 

5 
1 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

5 
2 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

5 
3 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

6 
1 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

6 
2 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

6 
3 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

00 



SYN3D, OVERLAY SOLVE 3 GROUP, 3 - D I 1 ENSIONAL MODEL, MIXED FLUX AND ADJOINT WEIGHTING 1 / 2 0 / , 0 5 . 2 1 . , PAGE 11 
BLANKET FUNCTIONS (3 AND 4) NOT USED EVERYWHERE 
GROUP 3 OF BLANKET FUNCTIONS NOT USED AT ALL 
INPUT 3D GEODST FILE 

DATA MANAGEMENT PARAMETERS FOR SOLUTION 
INTGLS F I L E , WORDS/RECORD = 2 2 1 4 NUMBER OF CONCURRENT RECORDS DURING GAUSS ELIMINATION = 1 

NUMBER OF RECORDS = 1 
H F I L E , WOEDS/RECORD = 1 2 1 6 NUMBER OF RECORDS = 1 

ADJOINT EIGENVALUE CALCULATION 
EIGENVALUE ESTIMATE = 0 . 9 7 6 2 0 E + 0 0 , MAXIMUM NUMBER OF ITERATIONS = 2 0 , CONVEEGENCE CEITEBION = 0 . 1 0 0 0 0 E - 0 4 
ITEEATION EIGENVALUE 

1 0.97541E+00 
2 0.97520E+00 
3 0.97520E+00 
4 0.97520E+00 

THE CALCULATION HAS CONVERGED ON AN EIGENVALUE 

NORMALIZATION, ADJOINT * SIGMA-F * POWEE/FISSION = 0.10000E+02 WATTS. 

vo 
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BLANKET FUNCTIONS (3 AND 4) NOT USED EVERYWHERE 
GRCUP 3 OF BLANKET FUNCTIONS NOT USED AT ALL 
INPUT 3 0 GEODST FILE 

COHBIHING COEFFICIENTS FOR ADJOINT CALCULATION 

FUNCTION NO. 

AXIAL 
POSITION 

5 . 0 0 
1 5 . 0 0 
2 5 . 0 0 
3 5 . 0 0 
4 5 . 0 0 
5 5 . 0 0 
6 5 . 0 0 
7 5 . 0 0 
8 5 . 0 0 
9 5 . 0 0 

1 0 5 . 0 0 
1 1 5 . 0 0 
1 2 5 . 0 0 
1 3 5 . 0 0 
1 4 5 . 0 0 
1 5 5 . 0 0 
1 6 5 . 0 0 
1 7 5 . 0 0 
1 8 5 . 0 0 
1 9 5 . 0 0 

GROUP 

AXIAL 
GEOM. 

1 
1 
2 
2 
2 
2 
3 
3 
3 
3 
4 
4 
4 
4 
5 
5 
5 
5 
6 
6 

1 
1 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

1 
2 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

1 
3 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

2 
1 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

2 
2 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

2 
3 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

3 
1 

1 . 2 / 5 E - 0 3 
2 . 8 6 3 E - 0 3 
4 . 7 6 9 E - 0 3 
7 . 0 8 8 E - 0 3 
9 . 1 9 7 E - 0 3 
8 . 4 5 7 E - 0 3 
1 . 3 2 8 E - 0 3 

- 4 . 9 3 9 E - 0 5 
- 6 . 8 6 2 i i - 0 4 
- U . 4 7 1 E - 0 4 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

3 
2 

6 . 9 4 6 E - 0 5 
1 . 8 4 0 E - 0 4 
3 . 0 1 8 E - 0 4 
4 . 4 8 7 E - 0 4 
5 . 9 5 3 E - 0 4 
5 . 9 3 1 E - 0 4 
1 . 3 0 4 E - 0 4 

- 3 . 2 9 9 E - 0 5 
- 1 . 3 5 2 E - 0 4 
- 2 . 1 3 5 E - 0 4 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

4 
1 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 

- 3 . 8 2 3 E -
1 . 4 4 1 E -
5 . 1 3 6 E -
1 . 6 8 2 E -
9 . 5 6 1 E -
1 . 0 2 7 E -
7 . 8 1 1 E ^ 
5 . 1 6 6 E ^ 
3 . 0 7 5 E -
1 . 3 3 9 E -

•04 
•04 
•04 
-03 
-0 3 
-02 
- 0 3 
- 0 3 
- 0 3 
- 0 3 

4 
2 

0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
0 . 0 
2 . 8 4 8 E - 0 4 
2 . 0 3 2 E - 0 4 
1 . 0 4 2 E - 0 4 
1 . 5 1 9 E - 0 4 
6 . 9 7 2 E - 0 4 
6 . 5 5 9 E - 0 4 
4 . 6 0 9 E - 0 4 
2 . 9 1 0 E - 0 4 
1 . 7 0 1 B - 0 4 
6 . 4 8 1 E - 0 5 



SYN3D, OVERLAY SOLVE 3 GROUP, 3 -DHENSIONAL MODEL, MIXED FLUX AND ADJOINT WEIGHTING 
BLANKET FUNCTIONS (3 AND 4) NOT USED EVERYWHERE 
GROUP 3 OF BLANKET FUNCTIONS NOT USED AT ALL 
INPUT 3D GEODST FILE 

1 / 2 0 / , 0 5 . 2 1 . , PAGE 13 

COMBINING COEFFICIENTS FOR ADJOINT CALCULATION 

FUNCTION NO. 

AXIAL 
POSITION 

5 . 0 0 
1 5 . 0 0 
2 5 . 0 0 
3 5 . 0 0 
4 5 . 0 0 
5 5 . 0 0 
6 5 . 0 0 
7 5 . 0 0 
8 5 . 0 0 
9 5 . 0 0 

1 0 5 . 0 0 
1 1 5 . 0 0 
1 2 5 . 0 0 
1 3 5 . 0 0 
1 4 5 . 0 0 
1 5 5 . 0 0 
1 6 5 . 0 0 
1 7 5 . 0 0 
1 8 5 . 0 0 
1 9 5 . 0 0 

GROUP 

AXIAL 
GEOM. 

1 
1 
2 
2 
2 
2 
3 
3 
3 
3 
4 
4 
4 
4 
5 
5 
5 
5 
6 
6 

5 
' = 1 

- 5 . 2 7 9 E - 0 1 
- 1 . 6 2 2 E + 0 0 
- 2 . 6 3 7 E + 0 0 
- 3 . 6 9 9 E + 0 0 
- 4 . 1 6 6 E + 0 0 
- 1 . 6 9 1 E + 0 0 

6 . 6 8 4 E + 0 0 
9 . 6 1 1 E + 0 0 
1 . 0 9 9 E + 0 1 
1 . 0 4 2 E + 0 1 
3 . 6 2 7 E + 0 0 
1 . 1 0 6 E + 0 0 
3 . 0 4 1 E - 0 1 
8 . 1 6 2 E - 0 2 
7 . 0 4 9 E - 0 1 
8 . 8 3 2 E - 0 1 
7 . 0 9 1 E - 0 1 
4 . 7 8 1 E - 0 1 
2 . 7 4 9 E - 0 1 
1 . 1 2 3 E - 0 1 

IME SPENT IN OVERLAY SOLVE 
SUBROUTINE 
SUBROUTINE 
SUBROUTINE 
SDBEOUTTNE 
SDBEOUTINE 

REDTOC, CP 
WINTGL, CP 
CALPOW, CP 
SPROB , CP 
OUTPRO, CP 

1. 
1 
3 
7, 
1 
3 , 
7 
9 , 
1 
1, 
2, 
4 
6, 

- 6 , 
- 2 , 
- 1 , 
- 1 . 
- 7 
- 5 , 
- 2 

, < 
= 
= 
= 
= 
= 

5 
2 

, 1 1 0 E - 0 1 
. 3 8 3 E - 0 1 
. 3 1 7 E - 0 1 
. 8 2 0 E - 0 1 
. 7 3 7 E + 0 0 
. 6 5 8 E + 0 0 
. 0 4 6 E + 0 0 
. 4 5 3 E + 0 0 
. 0 7 1 E + 0 1 
. 0 2 2 E + 0 1 
. 3 1 9 E + 0 0 
. 4 9 3 E - 0 1 
. 7 5 9 E - 0 2 
. 5 5 1 E - 0 2 
. 5 0 0 E - 0 1 
. 8 6 5 E - 0 1 
. 1 8 7 E - 0 1 
. 4 7 2 E - 0 2 
. 5 9 0 E - 0 2 
. 2 0 4 E - 0 2 

5 
3 

1 . 0 6 5 E - 0 1 
2 . 3 3 4 E - 0 1 
4 . 6 1 4 E - 0 1 
9 . 8 1 4 E - 0 1 
2 . 0 6 5 E + 0 0 
4 . 0 9 0 E + 0 0 
7 . 0 9 6 E + 0 0 
9 . 4 7 8 E + 0 0 
1 . 0 7 5 E + 0 1 
1 . 0 5 4 E + 0 1 
6 . 3 2 6 E - 0 1 
4 . 5 5 1 E - 0 2 
8 . 0 7 3 E - 0 3 

- 1 . 7 3 2 E - 0 4 
- 2 . 6 5 2 E - 0 2 
- 8 . 3 4 0 E - 0 3 
- 2 . 6 2 1 E - 0 3 
- 9 . 3 4 1 E - 0 4 
- 1 . 0 2 8 E - 0 3 
- 2 . 4 3 0 E - 0 4 

: P = 2 . 1 , PP = 
0 . 0 , PP = 0 . 0 
0 . 2 , PP = 0 . 0 
0 . 0 , PP = 0 . 0 
1 . 2 , PP = 0 . 0 
0 . 1 , 1 PP = 0 . 0 

2 , 
1, 
1, 
2 . 
3 , 
3 , 
5 . 
3 , 
7 . 
2 . 
9, 
1, 
1, 
7 . 
4 , 

- 2 , 
- 2 . 
- 1 . 
- 1 , 
- 4 . 

0 , 

6 
1 

. 9 1 6 E - 0 1 
, 1 5 1 E + 0 0 
. 9 1 3 E + 0 0 
. 8 5 4 E + 0 0 
. 7 6 1 E + 0 0 
. 5 0 0 E + 0 0 
. 5 2 8 E - 0 1 
. 4 7 7 E - 0 1 
. 6 1 3 E - 0 1 
. 2 8 3 E + 0 0 
. 9 3 9 E + 0 0 
. 1 5 6 E + 0 1 
. 0 3 8 E + 0 1 
. 5 5 4 E + 0 0 
. 8 6 3 E - 0 1 
. 1 5 2 E + 0 0 
. 2 5 3 E + 0 0 
. 6 7 3 E + 0 0 
. 0 3 2 E + 0 0 
. 5 1 3 E - 0 1 

. 0 

- 1 . 
- 1 . 
- 3 . 
- 5 , 
- 8 . 
- 8 . 

1. 
4 . 
9 . 
2 . 
1. 
1. 
1 . 
7 . 
3 . 
1. 
4 . 
1. 
9 . 
3 . 

6 
2 

. 3 0 8 E - 0 1 
, 5 2 1 E - 0 1 
, 1 9 4 E - 0 1 
, 7 0 8 E - 0 1 
, 5 2 4 E - 0 1 
, 8 6 0 E - 0 1 
2 5 1 E - 0 1 

, 4 8 6 E - 0 1 
, 9 8 3 E - 0 1 
, 5 2 0 E + 0 0 
, 1 0 6 E + 0 1 
2 1 9 E + 0 1 

. 0 6 7 E + 0 1 
8 6 3 E + 0 0 

, 4 1 7 E + 0 0 
, 3 2 2 E + 0 0 
, 9 3 4 E - 0 1 
8 9 0 E - 0 1 

, 7 7 8 E - 0 2 
2 4 0 E - 0 2 

- 1 . 
- 2 , 
- 4 , 
- 8 , 
- 1 , 
- 1 . 

3 , 
5, 
8. 
1 , 
1 , 
1. 
1 . 
8 . 
2 , 
8 . 
2 , 
8 , 
2 , 
6 . 

6 
3 

. 1 5 1 E - 0 1 

. 3 0 0 E - 0 1 

. 2 4 1 E - 0 1 
, 3 8 7 E - 0 1 
, 5 0 0 E + 0 0 
. 9 6 2 E + 0 0 
. 1 5 2 E - 0 1 
. 6 4 5 E - 0 1 
, 9 8 4 E - 0 1 
. 9 0 0 E + 0 0 
, 3 8 4 E + 0 1 
, 3 2 7 E + 0 1 
, 1 1 5 E + 0 1 
, 0 3 2 E + 0 0 
. 6 3 7 E + 0 0 
. 2 2 9 E - 0 1 
. 5 8 2 E - 0 1 
. 5 7 3 E - 0 2 
, 9 5 9 E - 0 2 
, 7 6 6 E - 0 3 

00 



182 

APPENDIX I 

CCCC Version III Standard Interface Files 

The CCCC Standard Interface Files used in SYN3D are defined by the 
specifications in Ref. 24 with the following two additions: 

(1) In the File Specification record of GEODST. The 23rd entry 
(one of the "Reserved" in Ref. 24) is losed to specify the 
orientation of the (1,1) mesh triangle for triangular mesh 
geometries (IG0M=9 or 17) bounded, in the x-y plane, by 
rectangles (NTRIAG=2). In SYN3D that entry is designated 
"NTRIPT" and has the following definition. 

NTRIPT = 1 - Triangle (1,1) points away from the 
first dimensions axis, i.e., no 
internal mesh line intersects the origin. 

2 - Triangle (1,1) points towards the first 
dimension axis, i.e., an internal mesh 
line intersects the origin. 

(2) In the Mesh Interval Boundary record of GEODST. For triangular 
mesh geometries (IG0M=9 or 17) the length (L) of a side of a 
triangle is calculated from 

L = 2 ̂ ^^SH(2) - XMESH(l) 

IFINTS(l) 

The other entries in XMESH and YMESH are never used. 

The rest of this appendix consists of listings of the following CCCC 
Standard Interface Files from Reference 24: 

GEODST 
ISOTXS 
NDXSRF 
ZNATDN 
RTFLUX 
ATFLUX 
PWDINT 
RZFLUX 
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C REVlStO 07/22/75 « 
C 
Cf GtODST " III 
C 
Ck GtOMFTRY OESCRIPTION 
C 
C******************************************************************A**** 

c.................... . ........ -.-.....-.-, 
CR FILE. IDENTIFICATION 
C m 
Ci, H N A M E r ( H U S E ( n , I = l , 2 ) , I V E R S 
C 
CW 1*3*MULT = NUMBER OF- WORDS 
C 
CD HNAME HOLLERITH FILE NAME - GEODST •» (A6) 
CO H U S t d ) HOLLERITH USER IDENTIFICATION (A6) 
CD IVERS FILE VERSION NUMBER 
CO MULT DOUBLE PRECISION PARAMETER • 
CD 1- A6 WORD IS SINGLE WORD 
CO 2- A6 WORD IS DOUBLE PRECISION WORD -
C 
C" - n - -. 

c*................ .......... ...................... .........̂  
CR FILE SPECIFICATIONS (ID RECORD) 
C 
CL lGOM,NZONE,NREG,NZCL#NCINTl,NCINTJ,NCINTK,NINTIfNINTJ,NINTK,IMB1,-
CL IMB2,JMBl,JMB2.KMB1,KMB2,N8S,NBCS,NIBCS,NZWBB,NTRIAG,NRASS, • 
CL (NGOP(I),1=1,5) 
C • 
CW 27«NUMBER OF WORDS • 
C -
CD IGPM GEOMETRY 0- POINT (FUNDAMENTAL MODE) ' 
CD 1- SLAB 
CD 2- CYLINDER 
CD lm SPHERE 
CD 6- X-Y 
CD 7- R»i 
CO «• THETA-R 
CO 9" TRIAGONAL (6 M£SH POINTS IN EACH 
CD HEXAGONAL ELEMENT) 
CO IPi- HEXAGONAL (1 MESH POINT IN EACH 
CO HEXAGONAL ELEMENT) 
CD 11- R-THETA 
CO 12' R-THETA-Z 
CD 13» R-THETA-ALPHA 
CD 1«- X-Y-Z 
CO 15- THETA-R-Z 
CO 16» THETA-R-ALPHA 
CO 17- TRIAGONAL-Z (MESH POINTS AS IN 9, -
CO ABOVE) -
CD 18» HEXAGON-Z (MESH POINTS AS IN 10 -
CD ABOVE) 
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CO N Z O N E N U M B E R O F Z O N E S (EACH HOMOGENEOUS IN NEUTRONICS 
CD PROBLEM - A ZONE CONTAINS ONE OR MORE REGIONS) 
CO NKEG NUMBER OF REGIONS 
CO NZCL NUMBER OF ZONE CLASSIFICATIONS (EDIT PURPOSES) 
CD NCINTI NUMBER OF FIRST DIMENSION COARSE ME8H INTERVALS 
CO NCINTJ NUMBER OF SECOND DIMENSION COARSE wESH 
CO INTERVALS. NCINTJ.Ey,I FOR ONE 
CD DIMENSIONAL CASE, 
CO NCINTK NUMBER OF THiKD DIMENSION COARSE MESH INTERVALS 
CO NCINTK,EO,I POR ONE AND Two 
CO DIMENSIONAL CASES, 
CO NINTI NUMBER OF FIRST DIMENSION FINE MESH INTERVALS 
CO NINTJ NUMBER OF SECOND DIMENSION FINE M E S M INTERVALS 
CO NINTJ,EO.l FOR ONE DIMENSIONAL CASE, 
CD NINTK NUMBER OF THIRD DIMENSION FINE MESH INTERVALS 
CD NINTK,EO.l FOR ONE AND TwO DIMENSIONAL 
CO CASES. 
CO IMBI FIRST BOUNDARY ON FIRST DIMENSION 
CO 0- ZERO FLUX (DIFFUSION) 
CD 1- REFLECTED 
CO 2- EXTRAPOLATED (DIFFUSION - DEL PHl 
CD /PHI s-C/D WHERE C IS GIVEN AS BNDC 
CO BELOW AND 0 IS THE GROUP DIFFUSION 
CD CONSTANT, TRANSPORT - NO RETURN) 
CD 3- REPEATING (PERIODIC) WITH OPPOSITE 
CO FACE 
CO a- REPEATING (PERIODIC) WITH NEXT 
CO ADJACENT FACE GOING CLOCKwISE 
CO AROUND THE FIRST AND SECOND 
CD DIMENSION PERIMETER, PERTINENT 
CO ONLY FOR 2 OR 3 DIMENSIONAL 
CO PROBLEMS, 
CO 5- INVERTED R E P E A U N C ALONG THIS FACE 
CO (ISkJ DEGREE ROTATION) 
CO 6- ISOTROPIC RETURN (TRANSPORT) 
C NOTE THAT FOR REPEATING BOUNDARIES, THE FIRST BOUNDARY IN 
C ORDER WHICH IS INVOLVED CARRIES THE DESIGNATOR DEFINING 
C THE REPEATING CONDITION, 
CO IMB2 LAST BOUNDARY ON FIRST DIMENSION 
CD JMBl FIRST BOUNDARY UN SECOND DIMENSION 
CD JMB2 LAST BOUNDARY ON SECOND DIMENSION 
CO KMBl FIRST BOUNDARY ON THIRD DIMENSION 
CO KMB2 LAST BOUNDARY ON THIRD DIMENSION 
CO NBS NUMBER OF BUCKLING SPECIFICATIONS 
CD 1- SINGLE VALUE APPLIES EVERYWHERE 
CO ,£0,NZONE, ZONE-DEPENDENT 
CO ,GT,NZONE, DATA IS GIVEN OVER ALL ZONES FOR 
CO THE FIRST FNFRGY GROUP, THEN FOR THE NEXT 
CD GROUP, TO END OF LIST - IF THERE ARE MORE 
CO GROUPS, LAST GROUP DATA GIVEN IS USED 
CO NBCS NUMBER OF CONSTANTS FOR EXTERNAL BOUNDARIES 
CD 1<. SINGLE VALUE USED EVERYWHERE 
CO b* INDIVIDUAL VALUES FOR EACH POSSIBLE 
CO SURFACE (BOUNDARY SPECS GIVE ACTUAL USE) 
CD ,GT,6- SIX VALUES ARE GIVEN FOR THE FIRST 
CO ENERGY GROUP, THEN SIX FOR THE NEXT, TO 
CO THE END OF THE LIST - THE LAST GROUP DATA 
CO GIVEN APPLIES TO ALL ADDITIONAL GROUPS 
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CD 
CD 
CO 
CD 
CD 
CO 
CO 
CO 
CD 
CD 
CD 
CD 
CO 
CO 
CO 
CO 
CD 
CO 
CO 
CO 
CO 
CD 
CO 
CO 
CD 
CO 
CO 
C 

NIBC8 

NZM6B 
NTRIAG 

NRASS 

NGOP(I) 

NUMBER 
1-

OF CONSTANTS FOR INTERNAL BOUNDARIES 
SINGLE VALUES USED EVERYWHERE 

.GT,1- VALUES ARE GIVEN BY ENERGY GROUP 

NUMBER 

WITH NON-BLACK CONDITION INDICATED BY • 
ZERO ENTRY - LAST VALUE APPLIES TO 
ADDITIONAL GROUPS , 
OF ZONES WHICH ARE BLACK ABSORBERS • 

TRIAGONAL GEOMETRY OPTION , 
0-

1-

2-

3-

ti-

REGION 
0-
1-

RHOMBUS WITH COORDINATES AT 12B DEGREES • 
ORIGIN IS AT THE CENTER OF A HEXAGONAL -
ASSEMBLY, BOUNDARIES PASS THROUGH 
CORNERS OF HEXAGONAL ASSEMBLIES, 
SAME AS OPTION 0 EXCEPT COORDINATES AT -
60 DEGREES 
RECTANGLE (COORDINATES AT 90 DEGREES), -
FIRST BOUNDARY PERPENDICULAR TO 
HEXAGONAL FLAT, 
EQUILATERAL (60 DEGREE) TRIANGLE, TwO • 
BOUNDARIES ORIGINATING AT CENTER OF 
HEXAGONAL ASSEMBLY PASS THROUGH CORNERS -
OF HEXAGONAL ASSEMBLIES, 
TRIANGLE (30-60 DEGREE), FIRST BOUNDARY -
PERPENDICULAR TO FLATS, -
ASSIGNMENTS -
TO COARSE MESH . 
TO FINE MESH 

RESERVEO « 

c» ---..-
CR ONE DIMENSIONAL COARSE MESH INTERVAL BOUNDARIES AND FINE 
CR MESH INTERVALS (2D RECORD) m 
C 
CC PRESENT IF IGOM,(;i,|() AND IGOM,LE,i 
C 
CL (XMESH(I),T«l,NCBN01),(IFINTS(I),Isi,NCINTI) 
C . 
CW NCBNDl*MULTtNClNTIsNUMBER OF wORDS 
C 
CO XMESN(I) COARSE MESH BOUNDARIES, FIRST DIMENSION •» 
CO IFINTS(I) NUMBER OF FINE MFSH INTERVALS PER COARSE MESH m 
CD INTERVAL, FIRST DIMENSION 
CD NCBNDI NCINTI+l, NUMBER OF FIRST DIMENSION COARSE MESH-
CD BOUNDARIES • 
C 
CC UNITS ARE CM FOR LINEAR DIMENSIONS AND RADIANS FOR ANGULAR 
CC DIMENSIONS 
C 
C 
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C - <» • 

CR Two DIMENSIONAL COARSE MESH INTERVAL BOUNDARIES AND FINE 
CR MESH INTERVALS (30 RECORD) 
C 
CC PRESENT IF lGOM,GE,b AND IGOM.iE.ll 
C 
CL (XMESH(I),I«l,NCBNDI),fYME8M(J),Jsi,NCBNDJ), 
CL 1(IFINTS(I),I = 1,NC1NTI),(JFTNTS(J), JsJ,NClNTJ) 
C 
CW (NCBNDI*NCBNDJ)*MULT*NCINTI*NClNTJsNUMPER OF WORDS 
C 
CO YMESH(J) COARSE MESH BOUNDARIES, SECOND DIMENSION 
CO J F I N T S ( J ) NUMBER OF FINE MESH INTERVALS PER COARSE MFSH 
CD INTERVAL, SECOND DIMENSION 
CO NCBNDJ NCINTJ*1, NUMBER OF SECOND DIMENSION COARSE 
CO MESH BOUNDARIES 
C 
c 

c............... .......... . . ... ............ 
CR THREE DIMENSIONAL COARSE MESH INTERVAL BOUNDARIES AwD FINE -
CR MESH INTERVALS (aO RECURD) 
C 
CC PRESENT IF IG0M,GE,12 
C I 
CL (XMESH(I),111,NCBNDI),(YMESH(J),JB1,NCBNDJ), 
CL l(ZMESH(K),Ksl,NCBNOK),(IFINTS(I),1 = 1,NCINTI), 
CL 2(JFINTS(J),Jsl,NCINTJ),(KFlNTS(K),Ksl,NCINTK) 
C 
CW (NCeNDItNCfiNDJ*NC8NDK)*MULT-fNClNTI*NCINTJ*NClNTK»NUMRER OF wORDS > 
C 
CD ZMESH(K) COARSE MESH BOUNDARIES, THIRD DIMENSION 
CO KFINTS(K) NUMBER OF FINE MESH INTERVALS PER COARSE MESH -
CD INTERVAL, THIRD DIMENSION 
CO NCBNDK NClNTK+1, NUMBER OF THIRD DIMENSION COARSE MESH. 
CD ROUNDARIFS , 
C 
C * - - - " -- — 

C---- , 
CR GEOMETRY DATA (50 RECORD) 
C 
CC PRESENT IF IGOM,GT,kJ OP NBS,GT,a 
C 
CL (VOLR(N),NS1,NREG),(BSO(N),Ns1,NBS),(BNDC(N),N=1,NBCS), 
CL (BNCI(N),Nai,NlBCS),(NZHBB(N),Nsi,NZWBB),(NZC(N),N=I,NZONE), 
CL (NZNR(N),Nsl,NREG) 
C 
Cn 2»NREG*NBS*NBCS*NIBCS+NZWBB+NZ0NFaNuMBER OF WORDS 
C 
CO VOLR(N) REGION VOLUMES ( C O 
CO BSQ(N) B U C K L I N ( , ( B * * 2 ) VALUES (CM**-i) 
CD B N D C ( N ) BOUNDARY CONSTANTS (DEL PHI/PHI =-C/D) 
CO BNCI(N) INTERNAL BLACK BOUNDARY CONSTANTS 
CD NZHBB(N) ZONE NUMBERS WITH BLACK ABSORBER CONDITIONS 
CD NZC{N) ZONE CLASSIFICATIONS 
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CO NZNR(N) ZONE NUMBER ASSIGNED TO EACH REGION 
C 
C-

C — "-
CR REGION ASSIGNMENTS TO COARSE MESH INTERVALS • 
CR (6D RECORD) -
C 
CC PRESENT TF IGOM,GT,0 AND NRASS,EQ,0 
C 
CL ((MR(I, J),Isl,NCINTI), J=1,NCINTJ)----N0TE STRUCTURE BELOW — -
C 
CW NCINT1*NCINTJsNUMBER OF WORDS -
C 
CS DO 1 K«l,NCINTK -
CS 1 READ(N) *LIST AS ABOVE* 
C 
CO MR(I,J) REGION NUMBERS ASSIGNED TO COARSE MESH 
CO INTERVALS • 
C 
C -"- -
C — - • " • - — — - ' • 
CR REGION ASSIGNMENTS TO FINE MESH INTERVALS •> 
CR (7D RECORD) 
C • 
CC PRESENT IF IGOM,GT,0 AND NRASS,EO.l • 
C 
CL ((MR(I, J),lsl,NINTI), J=l,NINTJ)----NOTE STRUCTURE B E L O W - — -
C 
CW NlNTI*NINTJsNUMBER OF WORDS • 
CS DO 1 KBI,NINTK " 
CS 1 RkAO(N) *LIST AS ABOVE* • 
C 
CD MR(I,J) REGION NUMBERS ASSIGNED TO FINE MESH INTERVALS • 
C 
C- - " -.-.-. — - « 
CEOF 
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c*********************************************************************** 
C REVISED 07/23/75 
C 
CF I S O T X S - n i 
CE MICROSCOPIC GROUP NEUTRON CROSS SECTIONS 
C 
CN THIS FILF PROVIDES A BASIL BROAD GROUP 
CN LIBRARY, OROFRFO BY ISOTOPE 
CN FORMATS GIVEN ARE FOR FILE EXCHAN&F PURPOSES 
CN ONLY, 
C 
C************************«*****A*)t**********************«*************** 

C r -
CS FILE STRUCTURE 
CS 
CS RECORD TYPE PRESENT IF 
CS s:Bsss3ss:===s==ss::ss3rs:::s=s 5=ssss:ssrr:ss: 
CS FILE IDENTIFICATION ALWAYS 
CS FILE CONTROL ALWAYS 
CS FILE DATA ALWAYS 
CS SET CHI DATA ICHIST.GT.I 
CS 
CS *************(REPEAT FOR ALL ISOTOPES) 
CS * ISOTOPE CONTROL AND GROUP 
CS * INDEPENDENT DATA ALWAYS 
CS * PRINCIPAL CROSS SFCTIONS ALWAYS 
CS * ISOTOPE CHI DATA ICHI.GT.l 
CS * 
CS * »»********(REPEAT TO NSCMAX SCATTERING BLOCKS) 
CS * * *******(REPEAT FROM 1 TO NSBLOK) 
CS * * * SCATTERING SuB.BLOCK LORD (M) , GT, k3 
CS A************ 
C 
C-

c - -. 
CR FILE IDENTIFICATION 
C 
CL HNAME,(HUSE(T),Ial,2),IVERS 
C 
CW lt3*MULT»NUMBER OF -sORDS 
C 
CB F O R M A T d l H av ISOTXS ,A6,1H*, 
CB 12A6,1H*,I6) 
C 
CD HNAME HOLLERITH FILE NAME - ISOTXS - (A6) 
CD HUSE(I) HOLLERITH USER IDENTIFICATION ( A 6 ) 
CD IVERS FILE VERSION NUMBER 
CO MULT D O U B L E P R E C I S I O N P A R A M E T E R 
CO t* A6 WORD IS SINGLE WORD 
CD 2- A6 WORD IS DOUBLE PRECISION «0R0 
C 
C» 
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C " — " -
CR FILE CONTROL (10 RECORD) 
C 
CL NGROUP,NISO,MAXUP,MAXDN,MAXORO,ICH1ST,NSCMAX,NSBLUK 
C 
CW BsK'UMBER OF WORDS 
C 
CB FORMAT(«H JD ,816) 
C 
CO NGROUP NUMBER OF ENERGY GROUPS IN SET 
CO NISO NUMBER OF ISOTOPES IN SET 
CD MAXUP MAXIMUM NUMBER OF UPSCATTfcR GROUPS 
CO MAXDN MAXIMUM NUMBER OF DOWNSCAtTER GROUPS 
CO MAXORD MAXIMUM SCATTERING ORDER (MAXIMUM VALUE OF 
CO LEGENORE EXPANSION INDEX USED IN FILE)t 
CO ICHIST SET FISSION SPECTRUM FLAG 
CD ICHIST,EQ,0, NO FISSION SPECTRUM 
CD ICHIST,EQ.l, SET VECTOR 
CD ICHIST,GT,1, SET MATRIX 
CO NSCMAX MAXIMUM NUMBER OF BLOCKS OF SCATTERING DATA 
CD NSBLOK BLOCKING CONTROL FOR SCATTER MATRICES, THE 
CD SCATTERING DATA ARE BLOCKED INTO NSBLOK 
CD RECORDS PER SCATTERING BLOCK, 
C 
C - •»- -

c - - - --..-..-. 
CR F I L E DATA ( 2 0 RECORD) 
C 
CL ( H S E T I D ( I ) , I = l , 1 2 ) , ( H I S 0 N M ( I ) , ! « ! , N I S O ) , 
CL 1 ( C H I ( J ) , J = 1 , N G R O U P ) , ( V E L ( J ) , J = 1 , N G R O U P ) , 
CL 2 ( £ M A X ( J ) , J = l , N G R 0 U P ) , E M I N , ( L 0 C A ( n , I = l , N I S 0 ) 
C 
CW ( N l S 0 * 1 2 ) * M U L T t U N I S P 
CW • N G R 0 U P * ( 2 + I C H l S T * ( 2 / ( I C H I S T * l ) ) ) s N U M B E R OF WORDS 
C 
CB FORMAT(«H 2D ,IH*,UA6,IH*/ HSETID,HISONM 
CB n M * , A 6 , 1H*,9(IX,A6)/(10(1X,A6))) 
CB F0RMAT(IP6E1?,5) CHI (PRESENT IF ICHIST.E«,n 
CB F0RMAT(IP6E12,5) VEL,EMAX,FMIN 
CB F0RMAT(i2l6) LOCA 
C 
CD HSETID(l) HOLLERITH IDENTIFICATION OF SET (A6) 
CD HISONM(I) HOLLERITH ISOTOPE LABEL FOR ISOTOPE I (A6) 
CD CHI(J) SET FISSION SPECTRUM (PRESENT IF ICHIST.EQ.l) 
CO VEL(J) MEAN NEUTRON VELOCITY IN GROUP J (CM/SEC) 
CO EMAX(J) MAXIMUM ENERGY BOUND OF GROUP J (EV) 
CO EMIN MINIMUM ENERGY BOUND OF SET (EV) 
CO LOCA(I) NUMBER OF RECORDS TO BE SKIPPED TO READ DATA FOR 
CO ISOTOPE I, LOCA(l)s0 
C 
C»...... -5 — . 
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C -
CR SET CHI DATA (3D RECORD) • 
C •• 
CC PRESENT IF I C H I S T . G T . I -
C 
CL ( ( C H I ( K , J ) , K s l , I C H I S T ) , J s l , N G R O U P ) , ( I S S P E C ( I ) , I « 1 , N G R O U P ) • 
C 
CW N G R 0 U P * ( I C H I S T * 1 ) = N U M B E R OF WORDS • 
C 
CB FORMAKan 3D , 1P5E 1 2 , 5 / ( 6 E 1 2 , 5 ) ) CHI 
CB F0RMAT(12I6) ISSPEC 
C • 
CD CHI(K,J) FRACTION OF NEUTRONS EMITTED IN GROUP J AS A • 
CO RESULT OF FISSION IN ANY GROUP USING SPECTRUM K -
CO I S S P E C d ) ISSPEC(I)=K IMPLIES THAT SPECTRUM K IS USED • 
CD TO CALCULATE EMISSION SPECTRUM FROM FISSION 
CD IN GROUP I • 
C 
C - -

C- — - - -.,.- — 
CR ISOTOPE CONTROL AND GROUP INDEPENDENT DATA (HO RECORD) 
C 
CL HAB8ID,HI0ENT,HMAT,AMASS,EFISS,ECAPT,TEMP,8 IGP0T,ADENS,KBR, ICHI , 
CL I I F I S , I A L F , I N P , I N 2 N , I N D , I N T , L T 0 T , L T R N , I S T R P 0 , 
CU 2 ( l D 3 C T ( N ) , N s } , N S C M A X ) , ( L O R D ( N ) , N s l , N S C M A X ) , 
CL 3 ( ( J B A N D ( J , N ) , J s l , N G R O U P ) , N = l , N S C M A X ) , 
CL <»(( I JJ ( J , N ) , J s l , NGROUP), N s j , NSCMAX) 
C 
CW 3 * M U L T * 1 7 * N S C M A X * ( 2 * N G R 0 U P * 2 ) = N U M B E R OF WORDS 
C 
CB FORMAKUH aO , 3( I X , A6) / l P 6 E 1 2 , 5 / 
CB 1 ( 1 2 1 6 ) ) 
C 
CD HABSIO HOLLERITH ABSOLUTE ISOTOPE LABEL - SAME FOR ALL 
CO VERSIONS OF THE SAME ISOTOPE IN SET (A6) 
CD HIOENT IDENTIFIER OF LIBRARY FROM WHICH BASIC DATA 
CO CAME(E,G. ENDF/B) (A6) 
CO HMAT ISOTOPE IDENTIFICATION (E,G, ENOF/B MAT NO,) (A6) 
CO AMASS GRAM ATOMIC WEIGHT 
CD EFISS TOTAL THERMAL ENERGY YIELD/FISSION (W,SEC/FISS) 
CD ECAPT TOTAL THERMAL ENERGY YIELD/CAPTURE (W.SEC/CAPT) 
CD TEMP ISOTOPE TEMPERATURE (DEGREES KELVIN) 
CO SIGPOT AVERAGE EFFECTIVE POTENTIAL SCATTERING IN 
CD RESONANCE RANGE (BARNS/ATOM) 
CO ADEN8 DENSITY OF ISOTOPE IN MIXTURE IN wHjCM ISOTOPE 
CD CROSS SECTIONS WERE GENERATED (A/BARN,CM) 
CD KBR ISOTOPE CLASSIFICATION 
CD 0«UNOEFINED 
CO l«FISSILE 
CD 2SFERTILE 
CD SsOTHER ACTINIDE 
CD ««FISSION PRODUCT 
CO 5»8TRUCTURE 
CO 6aC00LANT 
CO TsCONTROL 
CO ICHI ISOTOPE FISSION SPECTRUM FLAG 
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CO 
CD 
CO 
CD 
CO 
CO 
CD 
CD 
CD 
CO 
CO 
CO 
CD 
CD 
CO 
CO 
CO 
CD 
CO 
CD 
CD 
CO 
CD 
CD 
CO 
CO 
CD 
CD 
CO 
CD 
CD 
CO 
CD 
CD 
CO 
CO 
CO 
CD 
CO 
CO 
CO 
CO 
CD 
CO 
CD 
CO 
CO 
CO 
C 

IFIS 

lALF 

INP 

IN2N 

IND 

INT 

LTOT 

L T R N 

ISTRPO 

ID8CT(N) 

LORD(N) 

JeANO(JfN) 

IJJ(J,N) 

ICHI,EO,0, USE SET CHI • 
ICHI,E0,1, ISOTOPE CHI VECTOR 
ICHI,GT.l, ISOTOPE CHI MATRIX • 

(N,F) CROSS SECTION FLAG 
IFJSsK, NO FISSION DATA IN PRINCIPAL CROSS 

SECTION RECORD 
si, FISSION DATA PRESENT IN PRINCIPAL 

CROSS SECTION RECORD -
(N,ALPHA) CROSS SECTION FLAG 

SAME OPTIONS AS IFIS 
(N,P) CROSS SECTION FLAG 

SAME OPTIONS AS IFIS 
(N,2N) CROSS SECTION FLAG 

SAME OPTIONS AS IFIS 
(N,D) CROSS SECTION FLAG 

SAME OPTIONS AS IFIS 
(N,T) CROSS SECTION FLAG • 

SAME OPTIONS AS IFIS • 
NUMBER OF MOMENTS OF TOTAL CROSS SECTION PROVIDED • 

IN PRINCIPAL CROSS SECTIONS RECORD 
NUMBER OF MOMENTS OF TRANSPORT CROSS SECTION " 

PROVIDED IN PRINCIPAL CROSS SECTIONS RECORD • 
NUMBER OF COORDINATE DIRECTIONS FOR WHICH 

COORDINATE DEPENDENT TRANSPORT CROSS SECTIONS 
ARE GIVEN, IF ISTRPOs0, NO COORDINATE DEPENDENT -
TRANSPORT CROSS SECTIONS ARE GIVEN, 

SCATTERING MATRIX TYPE IDENTIFICATION FOR 
SCATTERING BLOCK N, SIGNIFICANT ONLY IF • 
LORO(N),GT,0 • 
IDSCT(N)=000 • NN, TOTAL SCATTERING (SUM OF 
ELASTIC, INELASTIC, AND N, 2N SCATTERING) • 

S100 • NN, ELASTIC SCATTERING • 
s200 • NN, INELASTIC SCATTERING m 
s500 • NN, (N,2N) SCATTERING PER EMITTED-

NEUTRON, » 
WHERE NN IS THE LEGENORE EXPANSION INDEX OF THE » 
FIRST MATRIX IN BLOCK N -

NUMBER OF SCATTERING ORDERS IN BLOCK N, IF 
LORD(N)50, THIS BLOCK IS NQT PRESENT FOR THIS 
ISOTOPE, IF NN IS THE VALUE TAKEN FROM 
lOSCT(N), THEN THE MATRICES IN THIS BLOCK • 
HAVE LEGENORE EXPANSION INDICES OF NN,NN*1, 
NN+2,,,,,NN*L0RD(N)-1 • 

SCATTERING BANDWIDTH FOR GROUP J, SCATTERING 
BLOCK N 

POSITION OF IN-GROUP SCATTERING CROSS SECTION IN • 
SCATTERING DATA FOR GROUP J, SCATTERING BLOCK 
N,COUNTED FROM THE FIRST WORD OF GROUP J DATA, -
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C-
CR PRINCIPAL CROSS SECTIONS (50 RECORD) 
C 
CL ((STRPL(J,L),J»l,NGROUP),L=l,LTRN), 
CL J((STOTPL(J,L)#Jsl,NGROUP),LSI,LTOT),(SNGAM(J),J=l,NGROUP)* 
CL 2(SFIS(J),Jsl,NGROUP),(SNUTOT(J),Jsl,NGROUP), 
CL 3(CHIS0(J), Jsl, NGROUP),(SNALF(J),jsl,NGROUP), 
CL a(SNP(J),Jsl,NGROUP),(SN2N(J),JsI,NGROUP), 
CL 5(SN0(J)#Jsl,NGROUP),(SNT(J),JsI,NGROUP) 
CL 6((STRPD(J,I),j5l,NGR0UP),1=1,ISTRPD) 
C 
CW (1+LTRN*LT0T*IALF*INP*IN2N*IND*INT*ISTRPD*2*IFIS» 
CW ICHI*(2/(ICHI*1)))*NGR0UP=NUMBER OF WORDS 
C 
CB FORMAT(«H 50 , IP5E>2,5/(6E12,5)) LENGTH OF LIST AS ABOVE 
C 
CO STRPL(J,L) PL WEIGHTED TRANSPORT CROSS SECTION 
CO STOTPL(JfL) PL WEIGHTED TUTAL CROSS SECTION 
CD THE FIRST ELEMENT OF ARRAY STRPL IS THE 
CD CURRENT (Pi) WEIGHTED TRANSPORT CROSS SECTION 
CO THE FIRST ELEMENT QF ARRAY STOTPL IS THE 
CD FLUX (P0) WEIGHTED TOTAL CROSS SECTION 
CO SNGAM(J) (N,GAMMA) 
CD SFIS(J) (N,F) (PRESENT IF 1FIS,GT,0) 
CO S N U T O T ( J ) TOTAL NEUTRON YIELD/FISSION (PRESENT IF IFIS,GT,0) 
CO CHISO(J) ISOTOPE CHI (PRESENT IF ICHl,Ey,l) 
CD S N A L F ( J ) (N,ALPHA) (PRESENT IF IALF,GT,0) 
CO S N P I J ) ( N , P ) (PRESENT IF 1NP,GT,0) 
CD S N 2 N ( J ) ( N , 2 N ) ( L 0 S S ) (PRESENT IF IN2N,GT,0) 
CD SND(J) (N,D) (PRESENT IF IND,GT,0) 
CO SNT(J) (N,T) (PRESENT TF INT,GT,0) 
CD STRPD(J,I) COORDINATE DIRECTION I TRANSPORT CROSS SECTION 
CO (PRESENT IF ISTRPD,GT,0) 
C 
C------ — - .-..-....-.--

c ....... 
CR ISOTOPE CHI DATA (60 RECORD) 
C 
CC PRESENT IF ICHl,GT,l 
C 
CL ((CHIIS0(K,J),Ksl,ICHI),J=l,NGROUP),(1S0PEC(I),la 1,NGROUP) 
C 
CW NGROUP*(ICHI*l)sNUMBER OF WORDS 
C 
CB FORMAT(«H 60 , lP5t12,5/(6E12,S)) CHIISO 
CB F0RMAT(1?I6) ISOPEC 
C 
CO CHIIS0(K,J) FRACTION OF NEUTRONS EMITTED IN GROUP J As A 
CD RESULT OF FISSION IN ANY GROUP USING SPECTRUM K 
CO ISOPEC(I) ISOPEC(I)=K IMPLIES THAT SPECTRUM K IS USED 
CD TO CALCULATE EMISSION SPECTRUM FROM FISSION 
CO IN GROUP I 
C 
C 
C» -
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C^ - - - -
CR SCATTERING SUB-BLOCK (70 RECORD) 
C 
CC PRESENT IF LORO(N),GT,0 
C m 
CL ((SCAT(K,L),Ksl,KMAX),L=l,LORDN) , 
C • 
CC KMAXsSUM OVER J OF JBAND(J) WITHIN THE J-GROUP RANGE OF THIS « 
CC SUB-BLOCK, IF M IS THE INDEX OF THF SUB-BLOCK, THE J»GROUP 
CC RANGE CONTAINED WITHIN THIS SUB-BLOCK IS • 
CC JLs(M-n*((NGROUP-l)/NSBLOK*l)*l TO JUsM* ((NGROUP-1)/NSBLOK* I )-
CC LORONsLORO(N) 
C • 
Cw K M A X * L O R D N B N U M B £ R OF WORDS 
C • 
CB FORMATCaH 7D ,1P5E12,5/(6E12,5)) 
C 
CO SCAT(K,L) SCATTERING MATRIX OF SCATTERING ORDER I, FOR 
CD REACTION TYPE IDENTIFIED BY IDSCT(N) FOR THIS 
CO bLOCK, JBAND(J) VALUES FOR SCATTERING INTO • 
CD GROUP J ARE STORED AT LOCATIONS KsSUM FROM 1 
CO TO (J-l) OF JBAND(I) PLUS 1 TO K-UJBAND(J), 
CD THE SUM IS ZERO WHEN Jsl, J-TO-J SCATTER IS 
CD THE IJJ(J)-TH ENTRY IN THE RANGE JBANDU). 
CO VALUES ARE STORED IN THE ORDER (J+JUP), 
CD (J*JUP-1),,.,,(J+1),J,(J-1),,,,,(J-JDN), 
CO WHERE JUPsIJJ(J)-l AND JONsJBANO(J)-IJj(J) 
C 
C -.....,.-. - - ..... 

CEOF 
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c**********»************************************************************ 
C REVISED 07/22/75 
C 
CF NDXSRF • III 
C 
CE NUCLIDE DENSITY, DATA, CROSS SECTION REFERENCING 
C 

c******»*************************************************************** 

c............... .., ..-....-.-. ....--
CR FILE IDENTIFICATION 
C 
CL HNAME,(HUSE(I),I«1,2),IVERS 
C 
CW U 3 * M U L T « N U M B E R OF WORDS 
C 
CO HNAME HOLLERITH FILE NAME - NDXSRF - (A6) 
CO HUSE(I) HOLLERITH USER IDENTIFICATION (A6) 
CO IVERS FILE VERSION NUMBER 
CO MULT DOUBLE PRECISION PARAMETER 
CO 1- A6 WORD IS SINGLE ^ORD 
CO 2«A6 WORD IS DOUBLE PRECISION WORD • 
C 
C -

c- - — - -----
CR SPECIFICATIONS (10 RECORD) 
C • 
CL NON,NSN,NNS,NAN,NZONF,NSZ 
C 
CW 6 sNUMBER OF WORDS 

c 
CD NON NUMBER OF NUCLIDES IN CROSS SECTION DATA 
CD NSN NUMBER OF NUCLIDE SETS IDENTIFIED 
CD N N S M A X I M U M NUMBER OF NUCLIDES IN ANY SET 
CD NAN NUMBER OF DIFFERENT NUCLIDES IN DATA 
CO NZONE NUMBER OF ZONES * 
CO NSZ NUMBER OF SUBZONES (SUBASSEMBLIES) 
C 

c -.--... - -

c* - ..--
C NUCLIDE REFERENCING DATA {?0 RECORD) 
C 
CL (HNNAME(N),Nsl,NON), (HANAME(N),Nsl,NON), (tHPF(N),Nsl,NON), • 
CL (ATWT(J),J=l,NAN),(NCLN{N),Nel,NON), ( ( NDXS ( K, L) , K= 1 , (J) , Ls I , NSN) , • 
CL ((N0S(I,L),I=l,NNS),Ls1,NSN),((N0R(N,L),Ns),N0N),L=l,NSN) • 
C 
CW N A N * 2 * N O N * ( U M U L T ) * N S N » ( « + N N S » N O N ) S N U M B E R OF WORDS 
C 
CD HNNAME(N) UNIQUE REFERENCE NUCLIDE NAME, IN LIBRARY ORDER-
CO (A6) ALPHANUMERIC 
CD HANAME(N) ABSOLUTE NUCLIDE REFERENCE, IN LIBRARY ORDER -
CO (A6) ALPHANUMERIC 
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CD WpF(N) RESERVED 
CO ATWT(J) ATOMIC WEIGHT 
CD N C L N ( N ) N U C L I D E CLASSIFICATION 
CD 1- FISSILE 
CO 2- FERTILE 
CD 5- OTHER ACTINIDE 
CO <<- FISSION PRODUCT 
CD 5- STRUCTURAL 
CD 6- COOLANT 
CD 7- CONTROL ROD 
CD GREATER THAN 7, UNDEFINED 
CO NDXS(K,L) REFERENCE DATA FOR SET L 
CD K s ), NUMBER OF NUCLIDES IN SET 
CD K s 2, RESERVED 
CO K = 3, RESERVED 
CD K = i), RESERVED 
CO NOS(I,L) ORDER NUMBER OF NUCLIDE IN CROSS SECTION DATA 
CO (IN HNNAMfc LIST) OF NUCLIDE ORDERED I IN 
CD SET L 
CD NOR(N,L) ORDER NUMBER OF NUCLIDE IN SET L GIVEN ORDER 
CO NUMBER N IN CROSS SECTION DATA 
C 

c —... -

c — - - -
CR NUCLIDE CONCENTRATION ASSIGNM+-T DATA (3D RECORD) 
C 
CL (VOLZ(N),Nsl,NZONE),(VFPA(N),Nsl,NZONE),(VLSA(M),Msl,NSZ), 
CL (NSPA(N),Nsl,NZONE),(NSSA(MJ,M=l,NSZ),(NZSZ(M),Msl,NSZ) 
C 
Cw 5*(NZ0Nt+NSZ)sNUMBER OF WORDS 
C 
CO VOLZ(N) VOLUMES OF ZONES, CC 
CD VFPA(N) VOLUME FRACTIONS FOR PRIMARY ZONE ASSIGNMENTS 
CD VLSA(M) VOLUMES OF SUBZONES 
CO NSPA(N) NUCLIDE SET REFERENCE, PRIMARY ZONE ASSIGNMENT 
CO (MAY BE ZERO ONLY IF THERE ARE SUBZONES) 
CD NSSA(M) NUCLIDE SET REFERENCE ASSIGNMENT TO SUBZONES 
CO NZSZ(M) ZONE CONTAINING SUBZONE 
C 
C NOTE THAT TO CALCULATE MACROSCOPIC CROSS SECTIONS FOR A ZONE, 
C IT IS NECESSARY TO CONSIDER THE CONCENTRATION OF EACH NUCLIDE 
C IN THE PRIMARY SET ASSIGNMENT (UNLESS A ZERO IN NSPA INDICATES 
C THERE ARE NONE) TIMES THE VOLUME FRACTION, AND THE CONCENTRATION 
C OF EACH NUCLIDE IN EACH SUBZONE ASSIGNED TO THE ZONE TIMES THE 
C RATIO OF THE SUBZONE VOLUME TO THE ZONE VOLUME, 
C 
C - . . • . . . . - - . - • 

CEOF 
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C * * * * » * i » * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * **************** 
C REVISED iil/22/7b 
C 
CF ZNATDN - III 
C 
CE ZONE ATOMIC DENSITIES (OF NUCLIDES) 
C 
C*»****»****************************************** ********************** 

c-.--.— ..-..- - - -
CR FILE IDENTIFICATION 
C 
CL HNAMF,(HUSE(I)rIsl,2),IVERS 
C 
CW U3*MULTaNUMBER OF rtORDS 
C 
CO HNAME HOLLERITH FILE NAME - ZNATD-^ -(A6) 
CO HUSE(I) HOLLERITH USER IDENTIFICATION (A6) 
CD IVERS FILE VERSION NUMBER 
CO MULT DOUBLE PRECISION PARAMETER 
CD 1- Afe WORD IS SINGLE .^ORD 
CO 2" A6 WORD IS DOUBLE PRECISION wORO 
C 
C - • 

c---- - - --•—- -----. 
CR SPECIFICATIONS (10 RECORD) 
C 
CL TIME,NCY,NTZSZ,NNS,NBLKAD 
C 
CW 5»NUMBER OF WORDS 
C 
CD TIME REFERENCE REAL IIME, DAYS 
CD NCY REFERENCE CYCLE NUMBER 
CO NTZSZ NUMBER OF ZONES PLUS NUMBER OF SUBZONES 
CO NNS MAXIMUM NUMBER OF NUCLIDES IN ANY SET 
CO NBLKAO NUMBER OF BLOCKS OF ATOM DENSITY DATA 
C 
C------ — - — . ......... ..... 

c - -»-
CR ZONE ATOMIC DENSITIES (OF NUCLIDES) (20 RECORD) 
C 
CL ((ADEN(N,J),Nsl,NNS),JsJL,JU)----SEE STRUCTURE BFLO«----
C 
CW NNS*((NTZSZ-1)/NBLKAD+l)=NUMBER OF wOROS 
C 
CC 00 1 Msl,NBLKAO 
CC 1 READ(N) *LIST AS ABOVE* 
C 
CC WITH M AS THE BLOCK INDEX, JLs(M-1)*((NTZSZ-1)/NBLKAO* I ) • I 
CC AND JUsM*l(NTZSZ-l)/NBLKAD*l) 
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C 
CD ADEN(N,J) ATOMIC DENSITY OF NUCLIDE ORDERED N IN THE 
CD ASSOCIATED SET GIVEN IN ORDER FOR EACH ZONE 
CD FOLLOWED IN ORDER FOR EACH SUBZONE 
C 
C...-. ..... ...--- .............. .---.. 

CEOF 
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C*********»****«******************************************************** 
C REVISED 0//25/75 
C 
CF RTFLUX-III • 
CE REGULAR TOTAL FLUXES • 
C 

c***************************************»******************************* 
CD ORDER OF GROUPS IS ACCORDING TO DECREASING 
CD ENERGY, ^OTE THAT DOUBLE PRECISION FLUXES ARE 
CO GIVEN WHEN MULT,F0.2. 

C----- -..--. - -,-...--. 
CR FILE IDENTIFICATION 
C 
CL HNAMF,(HUSF(I),Isl,2),IVFRS 
C 
CW )+3*MULTsNUMBER OF WORDS 
C 
CD HNAME HOLLERITH FILE NAME - RTFLUX - (A6) 
CD HUSE(I) HOLLERITH USER IDENTIFICATION' (A6) 
CO IVERS FILE VERSION NUMBER • 
CO MULT DOUBLE PRECISION PARAMETER r 
CO 1- A6 WORD IS SINGLE **ORD 
CD ?- A6 WORD IS DOUBLE PRECISION WORD 
C 
C,--- ....... 

c 
CR SPECIFICATIONS (ID RECORD) 
C 
CL NDIM,NGROUP,NINTI,NINTJ,NINTK,ITER,EFFK,POWER 
C 
CW BeNuMBER OF WORDS • 
C 
CD NDIM NUMBER OF DIMENSIONS • 
CO NGROUP NUMBER OF ENERGY GROUPS 
CD NINTI NUMBER OF FIRST DIMENSION FINE M E S H INTERVALS -
CO NINTJ NUMBER OF SECOND DIMENSION FINE MESH INTERVALS • 
CD NINTK NUMBER OF THiRn DIMENSION FINE MESH INTERVALS, -
CO NINTK,EO.l IF NDIM,LE,2 
CO ITER OUTER ITERATION NUMBER AT W H I C H FLUX wAS 
CO WRITTEN 
CO EFFK EFFECTIVE MULTIPLICATION FACTOR • 
CD POWER POWER IN WATTS TO WHICH FLUX IS NORMALIZED • 
C 

c..--— 

c - —- - , , 
CR ONE DIMENSIONAL REGULAR TOTAL FLUX (2D RECORD) 
C 
CC PRESENT IF NDIM.EQ.l 
C 
CL ((FREG(I,J),Isl,NINTI),J»1,NGR0UP) 
C 
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CW N I N T I * N G R O U P * M U L T s N U M B E R OF WORDS -

C 

CO FREG(1,J) ONE DIMENSIONAL REGULAR TOTAL FLUX BY INTERVAL -
CO AND GROUP, " 
C 
C - " 

c • -'• 

CR MULTI-DIMENSIONAL REGULAR TOTAL FLUX (3D RFCORD) 
C • 
CC PRESENT IF NDIM,GE,2 
C 
CL ( ( F R E G d , J),1=1,NINTI), Jsl,NINTJ)-- — . N O T E STRUCTURE BELOw —--- -
C • 
Cw NINTI*NINTJ*MULT=NUMBER OF wOROS -
C 
C DO 1 Lsl»NGROUP '' 
C 00 1 Ksl,NINTK " 
C 1 REAO(N) *LIST AS ABOVE* • 
C 
CD F R E G d , J ) MULTI^OIMENSIONAL REGULAR TOTAL FLUX • 
CD BY INTERVAL AND GROUP, •> 
C " 
C....................--. ..... ............... — ..... — .-, 
CEOF 
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C*********«******A****************************************************** 
C REVISED 07/23/75 
C 
CF ATFLUX-III 
CE ADJOINT TOTAL FLUXFS 
C • 
C*********************************************************************** 

CO ORDER OF GROUPS IS ACCORDING TO INCREASING 
CO ENERGY, MOTE THAT DOUBLE PRECISION FLUXES ARE 
CO GIVEN WHEN MULT,F0,2. 

C 
CR FILfc IDENTIFICATION 
C 
CL HNAME,(HUSE(I),Isl,2),IVERS 
C 
CW 1*3*MULT«NUMBER OF WORDS • 
C 
CO HNAME HOLLERITH FILE NAME - ATFLUX - (A6) • 
CO HUSE(I) HOLLERITH USER IDENTIFICATION (A6) • 
CD IVERS FIIE VERSION NUMBER 
CO MULT DOUBLE PRECISION PARAMETER 
CD 1- A6 WORD IS SINGLE xORD 
CD 2- A6 WORD IS DOUBLE PRECISION xORD 
C 

c ----.-...- . . 

c-
CR SPECIFICATIONS (ID RECORO) 
C 
CL NO IM, NGROUP, NI NT I, ̂  I NT J, NINTK, ITER,tFFK,ADU'' 
C 
Cw BsNUMBER OF WORDS 
C 
CO NDIM NUMBER OF DIMENSIONS 
CD NGROUP NUMBER OF ENERGY GROUPS 
CD NINTI NUMBER OF FIRST DIMENSION FINE MESH INTERVALS 
CD NINTJ NUMBER OF SECOND DIMENSION FINE MESH INTERVALS 
CD NINTK NUMBER OF THIRD DI»-ENSION FINE M E S H INTERVALS. 
CD NINTK,FQ,1 IF NDIM.LE.2 
CO ITER OUTER ITERATION NUMBER AT W H I C H FLUX wAS 
CO WRITTEN 
CD EFFK EFFECTIVE MULTIPLICATION FACTOR 
CD ADUM RESERVED 
C 
C - - " 

c-
C ONE DIMENSIONAL ADJOINT TOTAL FLUX (20 RECORD) 
w 

CC PRESENT IF NDIM,E0,1 
C 
CL ( ( F A D J d , J ) , Isl, NINTI ),J« I, NGROUP) 
C 
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CW N I N T I * N G R O U P * M U L T = N U M B E R OF WORDS . 
C 
CD F A D J d , J ) ONE DIMENSIONAL ADJOINT TOTAL ELUX BY INTERVAL • 
CD AND GROUP, 
C " 
C- ----- ., 

c . . — - - . . . . — . . . . . . . . . ^ . . . - — -
CR MULTI-DIMENSIONAL ADJOINT TOTAL FLUX (30 RECORD) 
C • 
CC PRESENT IF NDIM,GE,2 »• 
C 
CL ((FADJd,J),Isl,NINTI),Jsl,NINTJ) NOTE STRUCTURE BELOW — — • 
C 
Cw NINTI*NINTJ*MULTsNUMBER OF WORDS -
C 
C DO 1 LSI,NGROUP • 
C DO 1 KsJ,NINTK 
C 1 REAO(N) *LIST AS ABOVE* " 
C 
CD F A D J d , J ) MULTI-DIMENSIONAL ADJOINT TOTAL FLUX 
CD BY INTERVAL AND GROUP, • 
C 
C — - -

CEOF 
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C**********»************************************************************ 
C REVISED 07/23/75 
C 
CF P W D I N T - I U " 
C 
CE POWER DENSITY BY INTERVAL 
C 
C****************«****************************************************** 

c--- --.-. - — - — -
CR FILE IDENTIFICATION 
C 
CL HNAMF,(HUSF(I),1=1,2),IVFRS 
C 
CW 1+3*MULT5NUMBER OF WORDS 
C 
CO HNAME HOLLFRIIH FIIE NAME - P W D I N T - (A6) 
CD H U S E d ) HOLLERITH USER I DE^iT TF IC AT J O H ( A 6 ) • 
CD IVERS FILE VERSION NUMBER 
CD MULT DOUBLE PRECISION P A R A M E T F K 
CO 1- A6 WORD IS SINGLE W O K D 
CO 2- A6 WORD IS DOUbLE PRECISION ».ORD 
C 
c -
c .---.--
CR SPECIFICATIONS (lU H E C O R D ) 

C 
CL TIME, POWER, VOL, TM, J M , K M , NCY 
C 
CW 7sNUMBER OF WORDS • 
C 
CO TIME REFERENCE REAL TIME, DAYS 
CO POWER POWER LEVEL FOR ACTUAL N E u T R D M c S PROBLEM, 
CO WATTS THERMAL -
CD VOL VOLUME OVER WHICH POWtR itS D E T E R M i N F O , C C • 
CD IM NUMBER OF FIRST DIMENSION FINE U'TERVALS 
CD JM NJMQER OF SECOND DIMENSION FINE TNTEPVALS 
CD KM NUMBER OF THIRD DIMENSION FINE INTERVALS 
CD NCY REFERENCE COUNT (CYCLE NUMBER) 
C 
c 

c...... . . 
CR POWER DENSITY VALUES (2D RECORD) 
C 
CL ((PwR(I,J),Ial,IM),Jsl,JMJ NOTE STRUCTURE BELOw--. 
C 
CW lM*JMaNuMBER OF WORDS 
C 
CS DO I Ksl,KM 
CS 1 READ(N) *LIST AS ABOVE* 
C 
CD PwR(I,J) POWER DENSITY BY INTERVAL, hATTS/CC 
C 
C -
CEOF 
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C * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
C R E V I S E D ( ? 7 / 2 3 / 7 5 
C 
CF R Z F L U X - m 
C 
CE REGULAR ZONE FLUX BY GROUP, AVERAGED OVER EACH ZONE 
C -
C**************************************************** ******************* 

c -— -
CR FILE IDENTIFICATION 
C m 
CL HNAME, ( H U S E d ) , I s l , ^ ) , IvFRS -
C • 
CW U3*MULTsNUMBER OF wORDS 
C 
CD HNAMF HOLLERITH FILE NAME - RZFLUX - (A6) -
CD H U S E d ) HOLLERITH USER IDENTIFICATION (Aft) • 
CD IVERS FILE VERSION NUMBER 
CD MULT DUUBLE PRECISION PARAMETER 
CD 1- A6 WORD IS SINGLE wORD 
CO ?- A6 WORD IS DOUBLE PRECISION WORD 
C 
C - - — -

c — .-
CR SPECIFICATIONS (ID RECORD) 
C 
CL TIMt,POrtER,V0L,tFFK,EIVS,DK0S,TNL,TNA,TNSL,TNdL,TN8AL,TNCRA, 
CL l(X(I),Isl,a),ITRVS,NZONE,NGROUP,NCY " 
C • 
CW 20SNUMBER OF WORDS • 
r 
CD TIME REFERENCE REAL TIMF, DAYS •• 
CD POWER POWER LEVEL FOR ACTUAL NEUTRONICS PROBLEM,WATTS-
CD THERMAL • 
CD VOL VOLUME OVER WHICH POWER W A S DETERMINED, CC • 
CD EFFK MULTIPLICATION FACTOR 
CD FIVS EIGENVALUE OF SEARCH OF SEARCH PROBLEM 
CD OKDS DERIVATIVE OF SEARCH PROBLEM 
CO TNL TOTAL NEUTRON LOSSES 
CD TNA TUTAL NEUTRON ABSORPTIONS 
CO T N S L TOTAL NEUTRON SURFACE LEAKAGE • 
CD T N B L T O T A L N E U T R O N BUCKLING LOSS 
CD TNBAL TOTAL NEUTRON BLACK ABSORBER LOSS -
CD TNCRA TOTAL NEUTRON CONTROL ROD ABSORPTIONS • 
CD X(I),Isl,4 RESERVED 
CD ITPS ITERATIVE PROCESS STATE • 
CD s0, NO ITFRATIONS DONE " 
CD =1, CONVERGENCE SATISFIED 
CD s2, NOT CONVERGED, BUT CONVFRGING -
CD s3, NOT CONVERGED, NOT CONVERGING • 
CO NZONE NUMBER OF GEOMETRIC ZONES 
CO NGROUP NUMBER OF N£UTRUN ENERGY GROUPS 

CO NCY REFERENCE COUNT (CYCLE NUMBER) • 
C 

c............. - - ' 



204 

APPENDIX I. CCCC Version III Standard Interface Files. RZFLUX (Contd.) 

c. - . ....---
CR FLUX VALUES (20 RECORD) • 
C 
CL ((ZGF(K,M),Ksl,NGKOUP),MeJ,NZONE) 
C 
CW NGROIJP*NZONEsNUMB£R OF WORDS » 
C 
CD ZGF(K,M) REGULAR ZONE FLUX BY GROUP, AVERAGED OVER ZONE -
CO N£UTRONS/SEt-CM**^ 
C 
C - " - --

CEOF 
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A FIXED SODPCE 
LO'^-REACTIVITY-

ARC SYSTEM CATALOGUED PROCEDfrpE FOR GENERATING 
FOR AN INHOMOGENEOUS CALCULATION OF A 

•PLANE SYNTHESIS EXPANSION FUNCTION. 

/ /ARC 

/ / 
/ / 
/ / 
/ / 
/ / 
/ / 
/ / 
/ / 
/ / 
/ / 
/ / 
/ / 
/ / * 
/ / * 
/ / * 
/ / * 
/ / * 
/ / • ^ 

/ / * 
/ / * 
/ / * 
/ / * 
/ / * 
/ / * 
/ / * 
/ / * 
/ / * 
/ / * 
/ / * 
/ / * 
/ / * 
/ / * 
/ / * 
/ / * 
/ / * 
/ / * 
/ / • 
/ / * 
/ / * 
/ / * 
/ / * 
/ / * 
/ / * 
/ / * 
/ / * 
/ / * 
/ / * 
/ / * 
/ / * 

S P 0 1 6 PROC C 0 W P X S 1 = ' S X S C M I N l ' , C O M P X S 2 = ' & X S C M I N 2 ' , 
C X S 3 I S P = ' (NEW, PASS) • ,CXSVGLM= SCROO T , CXS BLK 1= 10 28 , CXSBLK2 = 6 T '^e , 
D 1 P D E S T = F , 
F L U X 2 D = N U L L F I L E , F L U X 1 D = N U L L F I L E , F L U X V C L = , 
H A L 7 B I K = 6 1 3 6 , 
MTCRXS1=NULLFILE ,MICRXS2=NULLFILE , 
f^TCRVOL^, 
PATH=ST0016, 
PPFLIB='SYS1.DHMIYLIE', 
QETRBIK=3064, 
SnRS1D=' f.FSDlD' ,S0RS2D=' SFSD2D' , 
7'I«1I,TM=i (600,0) ' , 
nNTTS=BATCHDSK 

* * * * * * * * * * * * * * * * ********iHf1Hfifififif*iHfif*1f*if.iHHHf*if**1f****ifif**1f********* 

* * 

* CATALOGUED PROCEDURE FOR STANDARD PATH 16 - SFTS UP * 
* DISTRIBUTED SOURCE FILE CONTAINING, FOR ^ A C " HESH POINT AND * 
* G^QfTp, THE PRODUCT OF THE FIUX AND LOCAL r i F F U S I O N C0h'FFICI '= 'NT. * 
* * 
* * * * • * • • • * * * * * * * * * * * ^ c * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

SYMBOLIC PAPA(«ETERS 

PARAM^JTER DEFAULT VALUE USAGE F'^NNOO 1 

C01P)( S 1 
CO M P X S 2 
rx<^OTSP 
CXSVOLM 
CXS3LK1 
CX'^PLK2 
PLUX10 
FLUX2r 
PLUXVOL 
UALT^-^LK 
"H^RVOT 
•^ICPXS 1 
^ I C R K S 2 

PRT'LTB 
OR-^PTLK 
S0RS1D 
S0RS2D 
TIM L"!" ^ 
UNITS 

SXSCMIN1 
6XSC1TN? 
(ME''', PASS) 
SCROO1 
1 0 2 8 
61 ^6 
NfTLLFILE 
NHLLFILE 

6 1 3 6 

NUILFIL'=' 
NULLFILE 
S T P 0 1 6 
SYS1.DUMMYLIP 
3 0 6 4 
?, ES D1 P 
r,ESD2D 
( 6 0 0 , 0 ) 
BATCHDSK 

ESN OF X S . C . M I N F I L F 1 
DSN OF X S . C . M I N F I L F 2 
D I S P O S I T I O N OF X S . C . M I N F I L F S 
VOLUME FOP X S . C . M I N 
BLKSIZE FOR X S . C . M I N FILE 1 
BLKSIZE FOR X S . C . M I N FTLE 2 
DSN CF INPUT F P . D 1 
DSN OF INPUT ^ R . D 2 
VOLUME FOR INPUT FLUX FILE 
HALP TRACK BLKSIZE 
VOLUME OF XS.ISO FILES 
DSN OF X-S.ISO FILE 1 
DSN OF XS.ISO FILE 2 
PROGRAM NAME 
ADDITIONAL LIBRARY 
QUARTER TRACK BLKSIZE 
ID SOURCE FILE DSN 
2D SOURCE FILE DSN 
STEP "'IMF LIMIT 
DEFAULT UNIT PARAMETER 

1 3 , 14 

2 3 
23 
2 3 

EXFC 
S T E P L I B 

15 
16 

EXi'C 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
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//FT06F0ni 
//SYSUDUMP 
//FT09F001 
// 
// 
//FT11F001 
// DISP 
// DCB 
// 

SET X? . C. " I N 

/ / G O EXEC nGM=5PATH,TIME=5TIMLTM 
/ / S T E P L I B DD DSN=&PRFLIB ,DISP=SHP 
/ / DD D S N = C 1 1 6 . B 2 1 0 0 6 . M O D L I 8 , D I S P = S H P 
/ / DD D S N = C 1 1 6 . A R C . M O D L I B , D I S P = S H P 
/ / F T 0 5 T 0 0 1 DD DDNAME=SYSTN 

DD SYSOUT=A 
DD SYSOUT=&DHPDEST 
Dn UNIT=SASCR,SPACE= (CYL, ( 1 , 1 ) ) , 

DCB= (RECFM = VBS,LRECL=X,BLKSIZE=5HALFBLK) 
ARC SYSTEM BCD INPUT STREAM 

DD DSN = r ,C0MPXS1,UNIT = &UNI'^S,V0L=SFR=fcCXSV0LM, 
= &CXSDTSP,SPACE= (TRK, ( 1 , 1 ) ) , 
(?ECFM=VBS,LRECL=X,BLKSIZE=SCXSBLK1) 

F I L F 1 OF DATA SET X S . C . M I N 
/ / F T 1 1 F 0 0 2 no DS N = f.C0MOXS 2 , UNTT= f.U NITS , V0L=SFP = &CXSV0LM , 
/ / DTSP=6CXSDTSP,SPACE=(CYL, ( 1 , 1 ) ) , 
/ / DCB= (PECFM^VBS,LRECL=X,BLKSIZE=SCXSBLK2) 
/ / F I L E 2 OF COMPOSITION CPOSS SECTION 
/ / F T 1 2 F 0 0 1 DD DS N=f-GECM,nNIT=S ASCR, D I S P = ( NEV, PASS) , SP ACS= ( TPK , (1 , 1) ) 
/ DCB= (RECFM = VBS,LRECL = X,BLKSTZE=60RTRBLK) 
/ / GEOMETRY S P F C H ' I C AT^ON S D/>TA SET 
/ / F T I S ' ^ O O I DD DSN=f- ' 'LUX1D,UNIT=^.UNITS,V0L = SEP = SFLUXV0L, 
/ / DTSP= (OLD,KEEP) 
/ / 10 REAL FLUX DATA SET 
/ / F T I U ^ O O I DD D S N = * ; F L U Y 2 P , UNIT = 6UNTTS,V01 = SER = &FLUXV0L, 
/ / DIS':^= (OLD,KEEP) 
/ / 2D PEAL FIUX DATA SET 
/ / r " T 1 5 V 0 0 1 DD nSN=f.S0RS1D,DNTT = S ASCR, 
/ / D I S P = ( N E W , P A S S ) ,SPACE= (CYL, ( 1 , 1 ) ) , 
/ / DCP= (RECFM = VBS, LRF-^L^X, BLKSI ZE=& HA LFBLK) 
/ / ID DISTRIBUTED SOURCE TATA SET 
//FTIf^T^GOl PD DSN = &S0RS2n , rNTT=SASCR, 
/ / DISP= (NEW,PASS) , S P A C E - ( C Y L , ( 1 , 1 ) ) , 
/ / DCB- (PECFM = VBS , I R E C L = X ,P IKSIZF=&HALFBIK) 
/ / 2D D I S T P I ^ n T E D SOURCE DATA SET' 
/ / F T 1 "7^^001 DD DSN-^.ANIP,UNTT=SASCR,DTSP= (NFW, PAS?) , S F AC E- ( TPK , ( S , 1) ) 
/ / n r q ^ ( R F C F M - V ^ ^ , L R E C L = B a , P L K S T Z E - S Q P T R P L K ) 
/ / GENERAL NEUTRONICS IN^UT DATA S^"^ 
/ / F T 1 3 F n o 1 DD DSn = &BC,UNIT=SASCF , D I S P = (NEW, PUSS) , '^OACE- ( 7 ^ " , ( 1 , 1) ) , 
/ / DCB=(EECVM-VBS,LRErL=T,BLKSTZE=304) 
/ / BOUNDARY C O N C T T I O N S P F C T F I C A T I O N S 

/ / P T i o v o o l DD 0SN = PRHO''OG , U N I T = S A S C R , S P A C E - (TRK, C^', 1) ) , 
/ / DCB= (RECFM=VBS,LRFCL=X,BLKSIZF=eHALFnL'^) 
/ / MATFRTAL ANC COMPOSITION S P E C I F T C A I I O N S 
/ / P T 2 0 ' ^ 0 0 1 DD 0SN = r S C R n 0 1 , UNTT-SASCR,SPACE- (CYL, ( 1 , 1) ) , 
/ / DCB- (PECFM = V E S , L R F C L = X , B L K S I Z E = 8HAI^^L>^T 
/ / SCRATCH DA1A SET FOP «CDULF NUCOOl 
/ / F T 2 1 ' ' 0 0 1 DD DSN=ftSCR002, U N I T - S A S C R , S P A C E - (CYL, (1 , 1) ) , 
/ / DC 3= (REC^M = VB'= ,LPFCL=X,BLKSI7E = 6HAIPPT.K) 
/ / SCRATCH DATA SET FOR MODULF NUCOOl 
/ /FT22 '= ' 0O1 DD ?SN=P.XSMMIN ,UNTT=SASrR , SPACE- (CYL, (1 , i n , 
/ / DCB- (PECPM = VBS,LRECT,-X,BLKSIZE = f.H»LFPLK') 
/ / DATA SET X S . r . M T N CONTAINS MATERIALS C O S S S^^rTT^vc; 
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/ / F T 2 3 F 0 0 1 
/ / 
/ / 
/ / 
/ / F T 2 3 F 0 0 2 
/ / 
/ / 
/ / 
/ / F T 2 a F 0 0 1 
/ / 
/ / 
/ / 
/ /F '^24P002 
/ / 
/ / 
//FT2S-P00 1 
/ / 
/ / 
/ / F T 2 5 F 0 0 2 
/ / 
/ / 
//FT2<SF00 1 
/ / 
/ / 
//FT26F002 
// 
// 
// 
//FT27F00 1 
// 
// 
//FT?<̂ F001 
// 
// 
// 
//FT29F0G1 
// 
// 
//FT30F001 
/ / 
/ / 
/ / I ' T 3 1F00 1 
/ / 
/ / 
/ / F T 3 1 ' 0 0 2 
/ / 
/ / 
/ / * *** 
/ / * * 
/ / * * 
/ / * * 
/ / * * 
/ / * *** 
/ / * 
/ / PEND 

DD DSN-SMICRXS 1 , 

U N I T = 6 U N I T S , D I S P = S H R , V 0 L = S E B = 6 M I C R V 0 L 
T H I S TS F I L E 1 OF THE DATA SET X S . I S O DEFINING 
ISOTOPE CROSS SECTIONS 

DD DSN=f.MTCRXS2, 

D N I T - f . U N I T S , D I S P = S H P , VOL=SFR = £MICRVOL 
T H I S I S F I L E 2 OF THE DATA SET X S . I S O DEFINING 
ISOTOPE CROSS SECTIONS 

DD D S N = S X S T S C 2 A , U N I T = S A S C R , S P A C E - ( T R K , ( 1 , 1 ) ) , 
DCB- (RECFM = V B S , L P E C L = X , B L K S I Z E = 6 4 a ) 
F I L E 1 OF DATA SET X S . I S 0 2 CONTAINS A S H O P T E N F D FORM OF 
THE DATA SET X S . I S O 

DD D ? N = 8 X S T S 0 2 B , U N I T = S A S C R , S P A C E = ( C Y L , ( 1 , 1 ) ) , 
DCB= (RECFM-VBS, LEECL=X, ELKS IZF-&H ALFBLK) 
F I L E 2 OF DATA ST='T X S . I S 0 2 

DD DSN=F„<>XSCAN1 , UNIT-SASC R , SPACE- (TRK, ( 1 , 1 ) ) , 
DCB- (RECFM = V B S , L E E C L - X , PLKSIZE-&HALFBLK) 
P I L E 1 OF DATA SET X S . C . A N I 

DD DSN-r, «;XSC AN2, UNI T=S ASCP, S P A C E - ( T R K , ( S , 2 ) ,RLSE) , 
D C B - ( P E C F M - V B S , L P E C L = X , P L K S I Z E - e H A L F B L K ) 
FTLF 2 OF DATA SET X S . C . A N I 

DD DSN=SXSC\UX1 , U N I T - S A S C R , SPACE- (TRK, ( 1 , 1 ) ) , 
D C P - ( P E C E M - V B S , L R F C L = X , P L K S I Z E = 5 1 6 ) 
F I L E 1 OF ^ATA SET XS.C.AUX 

DP DSN=>>XSCAUX2,UNTT-SASCS,SPACE- (CYL, ( 1 , 1 ) ) , 
DCB- (RECFM-VBS,LRECL = X,BLKSTZE=SHALFPLK) 
FTLE ? OF DATA SET XS.C.AUX CONTAINS 
COMPOSITION CROSS SECTION INFORMATION 

DD nsN=P,SXSMAni , U N T ' - S A S C R , SPACE- (TEK , (5 , 2) , RLS E) , 
DCB= (P ECFM - V P S , L E F C L - X , PLK SIZ E-& HALFBLK) 
DATA SET X S . M . A N I CONTAINS MATERIAL CROSS SFCTIONS 

DD DSN-SXSMAUX,UNTT-SASCR,SPACE- (CYL, ( 1 , 1 ) ) , 
DCB- ( F E C F M - V B S , L P F C L = X , E L K S I Z E = &HALPBLK) 
DA"^! SET XS.M.AUX CCN-^AINS MATERIAL CROSS S F C T - T O N 
TNPORMATION CN C A P T U R P ANP SCATTERING 

DD DSM=6SCR A N I , U N I T - S A S C R , S P A C E - ( C Y L , ( 1 , 1 ) ) , 
DCB- (PECFM-VBS, LP F C L - X , B L K S I Z E = 5 HALF BLK) 
SCRATCH DATA SET FOR MODULE NUCOOl 

DD DSN=f,SC FAUX, UNIT-SASCR, SPACE- (CYL, ( 1 , 1 ) ) , 
D C 3 - ( R E C F M - V B S , L P E C L - X , B L K S I Z E - & H A L F P L K ) 
SCRBTCH DATA SET FOR MODULE NUCOOl 

DD DSN-fX'^CMII 1 , UNIT-SASCR, SPACE- (CYL, ( 1 , 1 ) ) , 
DCB- (RFCFM = VBS,LRFCL-X,ELKSIZE-f>QFTP'BLK) 
P I L E 1 OF COMPOSITION CPOSS SECTION SET X i . C ' I I 

DD DSN-f, XSC MIT T , UNI T - S ASCP, SPACE- (CYL, ( 1 , 1 ) ) , 
DCB- (RECFM-VBS,T RPCL = X , P L K S I Z E = r,HALFBLK) 
F I L E 2 OF CCMPOSITION CPOSS SECTION SET X S . C . M i l 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

X 

X 

X 

X 

X 

X 

X 
X 

X 

X 

X 

X 
y 

X 
X 

X 
X 

X 

X 

X 

X 

X 

X 
X 
X 

X 

X 
X 

X 
X 

X 

X 

ANYONE EXPERIENCING DIFFICULTY WITH TUTS PROCED^-RE 
SFF C . w. ADAMS, BLDG 2 0 R , ROOM P - 1 4 3 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
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APPENDIX K. S T P 0 1 6 - THE ARC SYSTEM STANDARD PATH FOP G E N E P I T I N G 
A FIXED SOURCE POR AM INHO MOGE NEfiUS CALCULATION OF A 
L O W - ^ E A C T I V I T Y - P L A N t i S Y N T H E S I S EXPANSION F U N C T I O N . 

C 
c 
c 
c 
c 
r 
c 
c 
c 
c 
c 
c 
c 
r 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

c 
c 

c 
c 
c 

c 
c 
c 

°ATH DRIVER FOE PREPARATION OF DATA S F T S E S . D I D OR E S . D ? n 

MODULES LINKED TO BY P&TH DRTVEF 

N U T 0 0 2 GENERAT^ NEUTRONICS I N P U T PRT^CFSSOR 
HJ^OIO PRFPARES DATA S E T S E S . D I D OP ES.D?""' "^TNG 

DIFFUSTOM C O E F F I C I E N T S PROM DA^-A SET X S . C . KIN 
A^D PEAL PTITXFS ppOM DATA S E T S F R . D l 0 ^ ^^.\)2 

SUBpn'OGRAMS CALLED BY PATH DRIVFP 

SYSTEM 
p r n r) -

I N I T I A L I Z E S THE SYSTEM R C U T T V ' S 
SPOOLS TH THP INPUT STPFAM ONT'O L O G T C A L U M ' 
NUMBEP o 
ROUTINE TO DcjjNX E P P O " MFSSAG'^'^ '^RRO^ 

PIT F-̂ ; r^FFERENCED BY FATH D R I V E " 

P I L E NAME LOGICAL UNIT NUMBER FFCORD F C I N ' ^ ^ P 

GE">M IGEPM I R E C C 

DECLARE VARIABLES TO BF DOUBLE P P E C I S I u N USING T''E T ^̂  ** 
I M P L I C I T RFAI*'^ CnNVEN'^TO^• 

IMPTTCTT R F A I * f l ( A - H , r - 7 ) 
^ E » L * S N U I 0 0 2 
DIMPNSION D S N A ' ^ E ( 2 2 ) 

TNIT"^ATIZE VARIARL'^S IN HA'^A S T A T F ^ E N T 
DATA n s N A l P / S H Y S . C . M^N', UHGFOM, " ^ H F R . M , ^ K F r . D \ o H ^ S . ^ T ^ , 

1 6 P ^ S . D 2 D , S H A . N I P , 2 H B C , T H R . H P M O r , b f - S C F O O l , b H c ^ r n o m ^ 
2 R H X S . " . M I N , 6 H X S . T S C , 7 H V 5 ; . 7 S 0 2 , P P V S . C . A N T , ^''X <̂ . C . A " Y , 
T 8 " ^ ^ . M . A N - ^ , R r i X S . M . A U X , f H S C P ^ N T , e u S C R A U X , '̂  Ii ^S . r . - i 1 , ^^•• - / 

:,/iTn N'noo2/6unuToo2/ , A J C O I O / O F A J C O I O / , sTroi6/- '^"^-f^ni 's / , 
1 F A TM / S R F A T A L / , SU B NA 1 / 6 H STPO 1 ' S / , G ^ o i / u H G F C / , "n - O-":/6 "'"ICOO 1 / 
? X N H O M G / 6 H N U T 0 0 1 / ' 

I N I T T A I I Z E THF SYSTEM 

•"ALL SVSTEM ( DSf-'AM'=') 

nE-np^MTN!^ TT̂  -npE DATA 3 FT n ^ O " MA-" PFEN P F O V T O P D 

T0 = 0 
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APPENDIX K. S T P 0 1 6 . CONTINUED. 

CALL S N I F F (GEOM,IGEOM,10) 
TF ( IGPOM.GT.O) GO TO 100 

C 
C 
C 

SPOOL IN THE INPUT STREAM 

CAIL BCDPS ( S T P 0 1 6 , r T l ) 
T F ( N 1 . G T . O ) GO TO 1 1 0 

1 0 1 0 0 CONTINUE 
(-^,:^^,^tl^*** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

r 

C FATAL ERROR -10100. NO DATA SET GEOM VAS PROVIDED AND NO INPUT 
C DATA WAS SUPPLIED 
C 
Q:^:t'>ii*:ii** * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

N E P R - - 1 0 1 0 O 
CALL ERFOR (SUENAM, NERR) 
CALL ERROR(FATAL,NERR) 

i n f^ONTINUE 
C 
C LINK TO MODULE N U 1 0 0 2 TO PREPARE DATA SET GEOM 
C 

CALL LINK (NUT002 ,NOR) 
100 CONTINHP 

C 
C WRITE X S . C . M I N T ' ONE DOES 'JOT E X I S T . 

C 

C 

c 

CALL S N I P F ( D S N A M E ( I ) , IX-^CM, 10) 
I F ( TXSC^- .GT.O ) GO TO 120 
I X S - 1 
TC »I T.= U 
CALL LTNK(XNHOMG) 
CALL LIN-<( HC10G, I C A L L , 1 0 , 1 0 , 1 0 , IXS) 

12^^ CONTINUP 

LINK TO MODULE AJCOlO 

-^ALL L I N K ( A J C 0 1 0 > 

END 
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